4M DRAM 


Data Book 

















SAMSUNG 


PRINTED IN KOREA 

Circuit diagrams utilizing SAMSUNG products are included as a means of illustrating typical 
semiconductor applications; consequently, complete information sufficient for construction 
purposes is not necessarily given. The information has been carefully checked and is believed 


to be entirely reliable. However, no responsibility is assumed for inaccuracies. Furthermore, 
such information does not convey to the purchaser of the semiconductor devices described 
herein any license under the patent rights of SAMSUNG or others. SAMSUNG reserve the right 
to change device specifications. 





IV. 


TABLE OF CONTENTS 


FUNCTION GUIDE 


SALES OFFICES AND MANUFACTURER’S 


T. INGTOCUCTION «errr reer reece tee ece etter ee ee cece cece ee et eee en een e nee ee sens eeeee ese ee sees eee ee ees 11 
2. Product Guide rb seh eroie/e oa ve lee: Slew eS te's, oils Wie een relate) 8 6 wile Se Sere) S\e W.0/0f0.05 6 15168 9/6) Se ie 0 web 6d) w o/aveiere weveie’eyate 14 
3. Cross Reference Guide whuirb ie Sine wera as cave ein sa'e-wie pe 'Bia G'S ane eWlalice Bele wiecace ia wide weleisiaie SO clene Susie's Sigel oes S 16 
4. Ordering Inforrnation els oie thinlates siete) s'eleco'e elon wierei 6 alesse ®.625i6:9;050 cere. 0/eleioleieie eveleiele aie hue bie wie 06/8 biel sie. o Sie es eLSres 17 
4M DRAM DATA SHEETS 
4M X 1 
1. KM41C4 000 cece cree cece ere ce tees eeeeece Sickle Wahaie'tew ave! atalaiic/Sig-oiate, 6 aIeldie Ged sesh iwid asia) ota: o%eca aie grea 8aia'sie sisi 21 
D, KM4AI COOOL -ocrece cece c cect eee ee eee e tence eee n enc nen eee ee eee ee nee e ne ene eee ee nee nee seeeee ?1 
3, KM41 C4001 ccc err e crete eter cece eee c crete eee en eee cence eee e ences eee enn seen ste ree eens see nenee 37 
A, KM41 C4002 occ cce cece ce tere ere cence eee e tee ee ene e ences nee e eee ee eee t eben nese eee sen een es sere enes 52 
5. KM41C4QQOA cocrc cre c cece este cette eee c eee c een cence eens en eens seer e ees ne sees eee ee een eeen eee ee 68 
G. ENAATC AOU [ic Sew covaneticasentecia tes cares wen tauargat tSaseedss mnie heed Bip Pans 86 
7. KM44 C4000ASL RENE OL ea T EERE EERE Ee ree oe 104 
8. KM41 C4001 A Belinea cae '6:9,0515i8 6.86/05 .0 Wb aie 6-4 s0.0:1818:8 019.08 00.61/86, 6.8 W.0 6.0'e.¥ 0 eat le erie -W o:0:8'6.0.e18 aielsie. Sale's 0% siete oe 1 22 
OFFA CA ODDA: Seer si tiereasncgeaat nai aterevernctcatean eteeyac stnonedtennenauud auweay ape teiae) 138 
1IMX4 
10. KM44C1 DOO crcceccr creer ccc e ce eee cence eee n ence cess ee een sete en ee nent ee eeee tee ee tne e eee teeee 155 
11. KM44C1 COOL correc etc ete t cere ect e etree eee eee eee tence eect eee e teen een ese ese enn ene cereenes 155 
12, KM4AC10OD crreccr cree eect eee e cee ee ene te nce r en ceee ence eee ee cnn cete ee ne ee see eee eee eet enees 171 
13. KM44C1 CODA ceccrccr cst ce eee ee ene ee nce e enters eee e ee ee eee ee eee nee ee eee esses eee ease neees 188 
14. KM44C1 QOOAL veccrcr ere ccc ee sete ete c cece cere ee ee een e tence cence tent aen eee ee senna seen te 206 
15. KMA4ACTOOOASL -cocrrecrecrr cet ce tte te cere cee ee cet e een c ence ten erensen cee eeseen cence enn eeee es 224 
16. KM44C1 002A cecrrccccc cect erste tenn cee en nce c ene ceeene een en cee eens ese reee ences anes eee ees 242 
17. KM44C1 01 OA cccrtcre reece tence nen ene rene receneseece nse tee sen eane tense eee este ree eeseeenes 260 
18. KM44C1 01 OA cect tree eee ee nee n ene eee ee een arene een eee ees eee ee cent ee eee eee eee ene ee eet ee eees 261 
256K X 16 
19, KM41GC25G ccccc crete cence eee cee cence nee cnc ee nee e cence neces neat eee nn seen eee eee eee eeeeeeee 262 
256K X 18 
BOK M41 BO DDG asi aces ten ctoton ies eaetandcotiwvewmenue eats iaacidaretetasyadommeneaiies 284 
512K X 8 
512K X9 
Ds, NEKAAOC Gi Gas ase detec Saaeata saa abductees Sedan di eantatntsadentanes ensty 320 
4M DRAM MODULES DATA SHEETS 
1. KMMB5810Q00AN  ceccccccccccecretceccr esac ete se ree neecaenencacn ccc ree essen creer e ee eee ete caee 337 
2D. KMMBS1OQOOAN 3cccrcccccccccrcccccececeeeteceeeeeeee eee seeneeeaee ee seea ns ere ress see ee ser enes 347 
BLE NAMA ACOA 5 eta ne hs des aauese bh ca ashe naseet edtanegianrestinianaitentaeeaeieds 357 
4. KMMBbQ40Q00A ccccccrc cee ceececcccr ere cceeceeeeeeeecencnssn eae ren ensan cee teeseeeensnasceees 367 
5. KMM5321 COOAV/AVG coccccccccccec reece ccee ee eetececeeeeesene eee nen cee sen ees aee ee anee eens 377 
6. KMM5361000A /AG/A1/A1G coccccrrcecett secre ene t en en ene n tee aen cence ene caee nec eaees 388 
7. KMMSB22000AV/AVG cccccccccrcctecesceceeenseeeceesaeneeaceeen sence neces snenaee tence ns 399 
8. KMM5362000A /AG VA NAW C ee eee 410 
9. KMM5401000A TUN CR Eee 421 
10. KMM5402000A /AG ccccccccccscecsececcseeteneccee cases enresee essen eens ereee ane sane een cnee 434 


REPRESENTATIVES Pere rr rer ere eer rrr re errr rr eer ee Teer eee eee eee eT eee eee eer eee 447 


oe 


. 








1 


WW 
Q 
> 
© 
r- 
© 
G 
S 
i 





FUNCTION GUIDE 





1. Introduction 
1.1 Dynamic RAM 


KM41C4000-8 


KM41C4000L-8 


KM41C4000L-10 
KM41C4001A-7 KM41C4001A-8 














KM41C4001-8 









KM41C4002-8 








KM41C4000ASL-10... 








KM41C4001A-10 










KM41C4002A-7 


KM41C4000B-5 


KM41C4002A-10 
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256Kx16 


512Kx9 


* New Product 


* * * * * 


* 
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KM44C1000-8 


KM44C1000L-8 


KM44C1002-8 


KM44C1000A- 


KM44C1000AL-7 


KM44C1000ASL-7 


KM44C1002A-7 


KM44C1010A-7 


KM44C1012A-7 


KM44C1000B-5 


KM416C 256-7 


KM416C266-7 


KM418C256-7 


KM48C512-7 


KM48C522-7 


KM49C512-7 
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* * 


KM44C1000-10 
KM44C1000L-10 
KM44C1002-10 
KM44C1000A-8 
KM44C1000AL-8 
KM44C1000ASL-8 
KM44C1002A-8 
KM44C1010A-8 
KM44C1012A-8 


KM44C1000B-6 


KM416C256-8 
KM416C266-8 
KM418C256-8 
KM48C512-8 
KM48C522-8 


KM49C512-8 
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KM44C1000A-10 


KM44C1000AL-10 


KM44C1000ASL-10 


KM44C1002A-10 


KM44C1010A-10 


KM44C1012A-10 


KM416C256-10 


KM416C266-10 


KM418C256-10 


KM48C512-10 


KM48C522-10 


KM49C512-10 
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1.2 Dynamic RAM Module 


CMOS KMMS581000AN-7 KMMS581000AN-8 KMM581000AN-10 


_ (2-chips) 
| 1Mx9 | KMM591000AN-7 KMM591000AN-8 KMM591000AN-10 
(3-chips) 
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2. Product Guide 
2.1 Dynamic RAM 
























































1st Gen. KM41C4000J 4M x1 80/100 CMOS Fast Page 20 Pin SOJ 
KM41C4000Z 4Mx1 80/100 CMOS _ |Fast Page 20 Pin ZIP he 
KM41C4000LJ 4M x1 ~ 80/100 CMOS _ | Fast Page 20 Pin SOJ | Now 
KM41C4000LZ 4M x 1 80/100 CMOS _ |Fast Page 20 Pin ZIP Now 
KM41C4001J 4Mx1 80/100 CMOS _|Nibble 20 Pin SOJ | Now 
KM41C4001Z 4Mx1 80/100 CMOS _|Nibble _ | 20Pin ZIP Now 
KM41C4002J 4M x1 80/100 CMOS _ |Static Column} 20 PinSOJ | Now 
KM41C4002Z2 4M x1 80/100 CMOS __|Static Column| 20 Pin ZIP | Now 
KM44C1000J 1Mx4 80/100 CMOS _|Fast Page 20 Pin SOJ | Now 
KM44C1000Z 1Mx4 80/100 CMOS _ | Fast Page 20 Pin ZIP Now 
KM44C1000LJ 1Mx4 80/100 CMOS _ |Fast Page 20 Pin SOJ | Now 
KM44C1000LZ 1Mx4 80/100 CMOS _|Fast Page 20 Pin ZIP Now 
KM44C1002J 1Mx4 80/100 CMOS _|Static Column} 20 PinSOJ | Now 
KM44C1002Z2 1IMx4 80/100 CMOS {Static Column| 20 Pin ZIP Now 
2nd Gen. | KM41C4000AJ 4M x1 70/80/100 CMOS _ | Fast Page 20 Pin SOJ | Now 
KM41C4000AP 4Mx1 70/80/100 CMOS _ /|Fast Page 18 Pin DIP Now 
KM41C4000AZ 4Mx1 70/80/100 CMOS _ |Fast Page 20 Pin ZIP Now 
KM41C4000AT 4M x1 70/80/100 CMOS Fast Page 20 Pin TSOP; Now 
KM41C4000ALJ/ASLJ 4M x1 70/80/100 CMOS _|Fast Page 20 Pin SOJ {| Now 
KM41C4000ALP/ASLP 4M x1 70/80/100 CMOS _ |Fast Page 18 Pin DIP Now 
KM41C4000ALZ/ASLZ 4M x1 70/80/100 CMOS Fast Page 20 Pin ZIP Now 
KM41C4000ALT/ASLT 4M x1 70/80/100 CMOS _|Fast Page 20 Pin TSOP| Now 
KM41C4001AJ 4Mx1 70/80/100 CMOS __ |Nibble 20 Pin SOJ | Now 
KM41C4001AP 4M x 1 70/80/100 CMOS Nibble 18 Pin DIP Now 
KM41C4001AZ 4M x1 70/80/100 CMOS _ |Nibble 20 Pin ZIP Now 
KM41C4002AJ 4Mx1 70/80/100 CMOS _|Static Column| 20 PinSOJ | Now 
KM41C4002AP 4M x1 70/80/100 CMOS Static Column} 18 Pin DIP Now 
KM41C4002AZ 4M x1 70/80/100 | CMOS /|Static Column| 20 Pin ZIP Now 
KM44C1000AJ 1Mx4 70/80/100 CMOS _ | Fast Page 20 Pin SOJ | Now 
KM44C1000AP 1Mx4 70/80/100 CMOS _ | Fast Page 20 Pin DIP | Now 
KM44C1000AZ 1IMx4 70/80/100 CMOS _ |Fast Page 20 Pin ZIP Now 
KM44C1000AT 1Mx4 70/80/100 CMOS _ |Fast Page 20 Pin TSOP| Now 
KM441000ALJ/ASLJ 1Mx4 70/80/100 CMOS _ |Fast Page 20 Pin SOJ | Now 
KM441000ALP/ASLP 1Mx4 70/80/100 CMOS _|Fast Page 20 Pin DIP | Now 
KM44C1000ALZ/ASLZ 1Mx4 70/80/100 CMOS _ |Fast Page 20 Pin ZIP Now 
KM44C1000ALT/ASLT 1Mx4 70/80/100 CMOS _|Fast Page 20 Pin TSOP | Now 
KM44C1002AJ 1Mx4 70/80/100 CMOS _/|Static Column; 20 Pin SOJ | Now 
KM44C1002AP IMx4 70/80/100 CMOS __ |Static Column} 20 PinDIP | Now 
KM44C1002AZ 1IMx4 70/80/100 CMOS _ [Static Column| 20 Pin ZIP Now 
KM44C1010AJ 1Mx4 70/80/100 CMOS _|Fast Page 20 Pin SOJ | Now 
with WPB 
KM44C1010AP 1Mx4 70/80/100 CMOS __ |Fast Page 20 Pin DIP | Now 
with WPB 
KM44C1010AZ 1Mx4 79/80/100 CMOS _ |Fast Page 20 Pin ZIP Now 
with WPB 
KM44C1012AJ 1Mx4 70/80/100 CMOS _ |Static Column} 20 PinSOJ | Now 
with WPB 
KM44C1012AP 1Mx4 70/80/100 CMOS _ {Static Column| 20 Pin DIP | Now 
with WPB 
KM44C1012AZ IMx4 70/80/100 CMOS Static Column} 20 Pin ZIP Now 
with WPB 
*KM41C4000B 4M x 1 50/60 CMOS _ |Fast Page 20 Pin SOJ | 2Q, ’92 
*KM44C1000B 1Mx4 50/60 CMOS _ |Fast Page 20 Pin SOJ | 2Q, ’92 
*KM416C256J 256Kx16 70/80/100 CMOS _ |Fast Page 40 Pin SOJ | 2Q, ’92 
*KM416C256Z 256Kx16 | 70/80/100 CMOS _ |Fast Page 40 Pin ZIP. | 20, ’92 
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Dynamic RAM (Continued) 














2.2 Dynamic RAM Module 














*KM416C266J 256Kx16 70/80/100 CMOS Fast Page 40 Pin SOJ | 2Q, ’92 
with WPB 
*KM416C266Z 256K x 16 70/80/100 CMOS Fast Page 40 Pin ZIP | 2Q, ’92 
with WPB 
*KM418C256J 256Kx18 | 70/80/100 CMOS Fast Page 40 Pin SOJ | 2Q, ’92 
*KM418C256Z 256K x18 | 70/80/100 CMOS Fast Page 40 Pin ZIP | 2Q, 92 
*KM48C512J 512Kx8 70/80/100 CMOS Fast Page 28 Pin SOJ | 2Q, ’92 
*KM48C512Z 512Kx8 70/80/100 CMOS Fast Page 28 Pin ZIP | 2Q, ’92 
*KM48C522J 512Kx8 70/80/100 CMOS Fast Page 28 Pin SOJ | 2Q, ’92 
with WPB , 
*KM48C522Z 512Kx8 70/80/100 CMOS Fast Page 28 Pin SOJ | 2Q, '92 
with WPB 
*KM49C512J 512Kx9 70/80/100 CMOS Fast Page 28 Pin SOJ | 2Q, ’92 
*KM49C512Z 512Kx9 70/80/100 CMOS Fast Page 28 Pin ZIP | 2Q, ’92 































































*S: Single Side 
*D: Double Side 
aes Speed PCB 
Part Number Organization (ns) Technology Feature Package Height [In] 
KMM581000AN 1Mx8 70/80/100 | CMOS \ Fast Page Mode | *S, 30 Pin SIMM 0.65 
KMM591000AN 1Mx9 | 70/80/100 CMOS | Fast Page Mode | *S, 30 Pin SIMM 0.65 
KMM584000A 4Mx8 70/80/100 ; CMOS __ | Fast Page Mode | *S, 30 Pin SIMM 0.805 
KMM594000A 4Mx9 70/80/100 | CMOS _ | Fast Page Mode} *S, 30 Pin SIMM 0.805 
KMM5321000AV/AVG 1M x 32 70/80/100 | CMOS _ | Fast Page Mode | *S, 72 Pin SIMM 0.855 
AIAG: *D, 72 Pin | A/AG: 1.25 
KMM5361000A/AG/A1/A1G 1M x 36 70/80/100 | CMOS _ | Fast Page Mode AIAIG: *S, 72 Pin | AV/A1G: 1.0 
KMM5322000AV/AVG 2M x 32 70/80/100} CMOS _ | Fast Page Mode | *D, 72 Pin SIMM 0.855 
[ ; 
KMMS362000A/AG/A1/A1G/} 2M x 36 70/80/100 | CMOS __ | Fast Page Mode | *D, 72 Pin SIMM eee 
4 + 4 
KMM5401000A/AG 1M x 40 70/80/100 | CMOS _ | Fast Page Mode | *S, 72 Pin SIMM 1.0 
KMM5402000A/AG 2M x 40 70/80/100} CMOS __ |Fast Page Mode | *D, 72 Pin SIMM 1.0 
sus 15 
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3. Cross Reference 
3.1 Dynamic RAM 


KM41C4000 | TC514100 | HM514100 | mB814100 | MPD424100 | MSM514100 





















HM514101 | MB814101 | MPD424101 | MSM514101 
10514102 MB814102 | MPD424102 | MSM514102 

x4 mB814400 | MPD424400 | MSM514400 
SS oe MB814402 | MPD424402 | MSM514402 


3.2 Dynamic RAM Module 


1M x8 (2C) KMM581000AN HB56G18 
1Mx9(3C) | KMM591000AN HB56G19 
4Mx 8 KMM584000 HB56A48 
36M bit 4Mx9 KMM594000 HBS56A49 
32M bit 1M x32 KMM5321000 THM321000 HB56D132 


[eat | awxaa_[mmmsazeoo0 | THwaze0c0 | waseoze | 
"yaw ot | awxa6 | wwsa62000” | THwa62020 | Haseo2as | WG-22000886 | 
aout [M40 | Ksaos000 | THMoraz0 | HseAWO | 
eo it [aa wsaceoo0 | tHwaozoeo [| 













HM514102 
HM514400 
HM514402 









































































32M bit THM84000 


THM94000 


MC-424100A8 
MC-424100A9 













































MC-421000A36 
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4. Ordering Information 
4.1 Dynamic RAM 


KM XX X C XXXX X X X X ~~ XX 


SAMSUNG MEMORY SPEED 






e 5: 50ns 

e 6:60ns 
DEVICE TYPE e 7:70ns 
e 4: DRAM e 8:80ns 
© 42: VRAM e 10: 100ns 
e 6: SRAM 


¢ 23: MASK ROM 
¢ 28: STANDARD EEPROM 


TEMPERATURE RANGE 





© 93: Serial EEPROM - oes peas 
aon ee eM: -—55~ +125°C 
¢ 65: PSEUDO 





PACKAGE 


ORGANIZATION 





e P: PLASTIC DIP 











e 1: x1 
e 4: x4 e J: PLASTIC SOJ 
e 8: x8 PLASTIC PLCC 
e 9: x9 e Z: PLASTIC ZIP 
© 16: x16 ¢ G: SOIC 
© 18: x18 e GD: SOIC with 
DIP Pin Out 
PROCESS e FP: QFP 
eae PERFORMANCE 
° B: Bi-CMOS ¢ BLANK: Standard 
e L: Low Power 
DENSITY & MODE e SL: Super Low Power 
DIE REVISION 
e BLANK: None 
¢ A: First 
e B: Second 


4.2 Dynamic RAM Module 
KM M W WW XXXX Y Y Y Y — ZZ 


SAMSUNG 
Memory SPEED 


7: 70ns 8: 80ns 10: 100ns 


















Module 





LEAD FINISH 


e BLANK: Solder 
eG : Gold 


PIN/EDGE CONNECTOR 


5: DRAM SIMM (EDGE CONNECTOR) 
4: DRAM SIP (PINS) 









NUMBER OF COMPONENTS 


e BLANK: MORE THAN 7 CHIPS 
eN : LESS THAN 8 CHIPS 





DENSITY & MODE/FEATURE 
1000: 1M F. Page 


2000: 2M F. Page PACKAGE (PCB) REVISION 
4000: 4M F. Page e BLANK: NONE 
4001: 4M Nibble o1 : FIRST REV. 


4002: 4M S. Column 





DIE (COMPONENT) REVISION 


¢ BLANK: NONE 
°A : FIRST REV. 
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NOTES 


° 
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KM41C4000/L 


CMOS DRAM 





4MxX1 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 


KM41C4000/L- 8 








KM41C4000/L-10 


Fast Page Mode operation 
CAS-before-RAS refresh capability 
RAS-only and Hidden Refresh capability 
8-bit fast parallel test mode capability 
TTL compatible inputs and output 
Common I/O capability using Early Write 
Single +5V+10% power supply 
Retresh Cycles: 
—1024 cycles/16ms 
—1024 cycles/128ms (L-Version) 
© Power dissipation 

—Standby: 5.5mW 

1.7mW (L-Version) 
: 550mW (80ns) 

468mW (100ns) 
e JEDEC standard pinout 
¢ Available in Plastic SOJ/ZIP 


FUNCTIONAL BLOCK DIAGRAM 


CONTROL & 

CLOCK 
REFRESH CONTROL & 
ADDRESS COUNTER 


COLUMN DECODER | | 
SENSE AMPS & I/O po 


— Active 





























f 





MEMORY ARRAY 
4,194,304 Cells 


—— Vec 


—— Vss 


ROW DECODER 





ADDRESS BUFFERS 


GENERAL DESCRIPTION 


The Samsung KM41C4000/L is a high speed CMOS 
4,194,304 bit X 1 dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 


The KM41C4000/L features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. 


CAS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only Refresh. All inputs 
and output are fully TTL compatible. 


The KM41C4000/L is fabricated using Samsung’s ad- 
vanced CMOS process. 


PIN CONFIGURATION (Top Views) 
* KM41C4000J/LJ 


¢ KM41C4000Z/LZ 





























Pin Name Pin Function 
Ao-A10 Address Inputs 
D Data In 
Q Data Out 
WwW Read/Write Input 
RAS | Row Address Strobe 
CAS {__ Column Address Strobe 
Voc Power (+5V) 
Vss Ground 
N.C. No connection 
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KM41C4000/L CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS* 















Voltage on Any Pin Relative to Vss Vin, Vout __—1to +7.0 

Voltage on Vcc Supply Relative to Vss Vec —1 to +7.0 L V 

Storage Temperature Tstg —55 to +150 °C 
| Power Dissipation Pp [ 600 mW 






























Short Circuit Output Current los 50 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=0O to 70°C) 














Item Symbol Min Typ Max Unit 
Supply Voltage Vcc i 4.5 | 5.0 5.5 V 
Ground Vss O ake O ON . co Vv n 
Input High Voltage Vi 2.4 a oll Vect+1 Vv 
Input Low Voltage Vit —-1.0 —_ 0.8 V 























DC AND OPERATING CHARACTERISTICS (0°c<t,<70°C, Voc=5.0V+10%) 


(Recommended operating conditions unless otherwise noted) 












































ee 
Parameter Symbol i 
Operating Current* KM41C4000/L- 8 
(RAS, CAS, Address Cycling @ tac=min) KM41C4000/L-10 | | — 85 mA 
T 
Standby Current 
[ (RAS=CAS=Vin) | Icc2 _ | 2 mA 
RAS-Only Refresh Current* KM41C4000/L- 8), — 100 mA 
(CAS=Vin, RAS Cycling @ tac=min) KM41C4000/L-10| °° — 85 | mA 
Fast Page Mode Current* KM41C4000/L- 8 _ 60 mA 
(RAS=Vi_, CAS Cycling @ tpc=min.) KM41C4000/L-10 | eet _ 50 | mA 
Standby Current KM41C4000-8/10 = 1 mA 
| _(RAS=CAS=Vcc—0.2V) KM41C4000L-8/10| °°? 300_| HA 
CAS-Before-RAS Refresh Current* KM41C4000/- 8| , — 100 | mA 
(RAS and CAS Cycling @ trc=min.) KM41C4000/L-10 aan _ 85 | mA 
Battery Back Up Current 
Average Power Supply Current, Battery Back Up Mod 
Input High Voltage (Vin)=Vcc-0.2V 
Input Low Voltage (Vi)=0.2V Cai capaocie'lt eet — | 400 | yA 
CAS=CAS Before RAS Cycling or 0.2V 
Din=Don’t Care 
| Tro=125yus, Tras=tras min.~1us 
Stand Current _ 
(RAS=Vjn, CAS=Vi_ Dout Enable) 
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KM41C4000/L CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (Continue) 





Parameter Symbol Min Max Unit 


Input Leakage Current 
(Any input O<Vin<6.5V, ie -10 10 uA 
all other pins not under test=O volts) 





























b = Sees = So i er eer RO SES eae Cee Ye 
Output Leakage Current 2 10 A 
|__(Data out is disabled, 0<Vour<5.5V) lon 10 aa 
SAREE eee ee eel site e cess eee edb Ames Mak, glee are Ps 4 
Output High Voltage Level 
(loH= — 5mA) soon Gamage ¥ 
— Shee te os = . er 
Output Low Voltage Level 
| _(loL=4.2mA) VoL = 0.4 V 





*NOTE: Icci, Icc3, loca and Icce are dependent on output loading and cycle rates. Specified values are obtained 
with the output open. Icc is specified as average current. Icc1, Icc3, Icce Address can be changed max- 
imum two times while RAS=Vi.. Icca, Address can be changed maximum once while CAS=Vin. 


CAPACITANCE (t,a=25°c) 














_Input Capacitance (Ao-A1o, D) 
Input Capacitance (RAS, CAS, W) 
Output Capacitance (Q) 





| 
AC CHARACTERISTICS (0°C<tTa<70°C, Vcc=5.0V+10%, See notes 1,2) 
























































































Parameter a 
| Random read or write cycle time 
Read-modify-write cycle time 21. | - 
| Fast Page mode cycle time _ 7 [60]. ; cL ns jo 
Fast Page mode read-modify-write cycle time = 90'| = j,nsy | 
_Access time from RAS 80 100 ns | 3,4 
Access time from CAS : 20 | 25) ns | 3,4 | 
Access time from column address oo 40 |. =|) 50 | ns | 3 10 
Access time from CAS precharge 50 55, ns_ , ae 
CAS to output in Low-Z _ ‘i 5 | 2dh ns | EBs) 
Output buffer turn-off delay ———sis;store | Of 1S | 0 ] 20] ns : 
Transition time (rise and fall) ; 50 | 3] 50 {ns | 2 
| RAS precharge time sal 70 | {os | 
RAS pulse width 10,000 | 100] 10,000! ns 





RAS pulse width (Fast page mode) 200,000 | 100 200,000 _ns 




















RAS hold time S28 |=. . i nse 

CAS hold time 100 | ins | 
CAS pulse width 10,000, 25; 10,000| ns ae 
RAS to CAS delay time 60| 25, 75| ns | 4,5 
RAS to column address delay time 20 50 | ns 10 





























CAS to RAS precharge time 
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AC CHARACTERISTICS (Continuea) 







































































































































































































KM41C4000/L-8 |KM41C4000/L-10 
Parameter r Unit | Notes 
Min Max Min Max 
CAS precharge time 
| Row address set-up time tasr 0 L Ht 0) {ns | 
Row address hold time tRAH 10 15 ns 
Column address set-up time tasc 6) 1 0 ns _ j 
Column address hold time tcAH 15 20 ns 
Column address hold referenced to RAS tar 60 | 75] ns | 12 
Column Address to RAS lead time tRAL 40 |_50 ns_| 
Read command set-up time | trcs 0 | I 0) | | ns 
Read command hold referenced to CAS trou 0 | O| ns | 8 
Read command hold referenced to RAS tRRH 0 i O| | ns 8 \ 
Write command hold time twcH 15 20 ns 
| Write command hold referenced to RAS ns L ae 
Write command pulse width ns ij | 
Write command to RAS lead time ns 
| Write command to GAS lead time | ons i 
| Data-in set-up time ap ns 9 
Data-in hold time ns 9 
| Data-in hold referenced to RAS - [ns ee 
| Refresh period (1024 cycles) 16); ms 
Refresh period (only for L-version, 1024 cycles) tREF ee ee 128 | ms | _ | 
| Write command set-up time ; twos AOU ne 0 [ns 7 
CAS to W delay time tcwo 20; - 25 _ns A 
RAS to W delay time trwo | 80 | 100 ns 7 
Column address to W delay time tawo | 40) _ 50 oe A 
| CAS setup time (CAS before RAS refresh) tcsr 10 10 ns 
CAS hold time (CAS before RAS refresh) tour 30 | 30 | ns | 
| RAS to CAS precharge time oo tRpc 10) | I O ns 
CAS precharge time (CAS before RAS counter test) | tcpr 40 50 : ns | 
Write command set-up time (Test mode in) twTs 10 [ 10 ns I i 
| Write command hold time (Test mode in) tWTH 10 | 10 ns 
| W to RAS precharge time (CAS before RAS cycle) | twrp 10 [| 10] ins | 
W to RAS hold time (CAS before RAS cycle) twRH 10 | 10 ns | | 
RAS hold time from CAS precharge tRHcP 50 55 ns 
ety 24 
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TEST MODE CYCLE 








(Note. 11) 









































































































NOTES 


1. 


An initial pause of 200us is required after power- 
up followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. Vir(min) and Vitimax) are reference levels for measur- 


ing timing of input signals. Transition times are 
measured between Vinimin) and Vit(max), and are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL ioads and 


100pF 


. Operation within the tRcpimax) limit insures that 


tRac(max) Can be met. tacpimax) is specified as a 
reference point only. If trop is greater than the 
specified tacpimax) limit, then access time is con- 
trolled exclusively by tcac. 

Assumes that tacp2trcp(max)- 

This parameter defines the time at which the out- 
put achieves the open circuit condition and is not 
refernced to Vou or VoL. 

twcs, tRwp, tcwp and tawp are non restrictive 
operating parameters. They are included in the data 






KM41C4000/L-8 | KM41C4000/L-10 
Parameter eT ae i Ce Unit | Notes 
Min Min 

Random Read or Write Cycle Time 1 

Read-Write Cycle Time a _—— trawc | 180 — 215 a ee us 
Fast Page Mode Cycle Time | tpc 60 | = 65 vicul ns 

Fast Page Mode Read-Write Cycle Time __|_terwe | 85 cule 95 _— ns 

| Access Time from RAS 2 oe trac a oe Son ea 105; ns | 3,4 | 
Access Time from CAS Sieh ven oS ARC { ell. 25| — | 30; ns | 3,4 
Access Time from Column Address | taa | rae 45) — 55) ns | 3,10 
Access Time from CAS Precharge 7 tcpa | _— 204 = __ 60 ns | = 
RAS Pulse Width = —_|_ tras 85} 10,000|105) 10,000| ns |__| 
RAS Pulse Width (Fast Page Mode) oa trRasP 85 | 200,000 105 | 200,000 | ns ae 
RAS. Hold Time = - trRsH 25 ( ees 30 — ns oh: 
CAS Hold Time oe tcsH 85 — 105 — { ns_ 7 

| CAS Pulse Width oe a tcas 25) 10,000 30) 10,0001 | p OS | es | 
Column Address to RAS Lead Time : - tran =| 45) — 55 oe SENS et 
CAS to W Delay Time a | towo | 25] — | 30) — [ns{ 7 | 
[RAS toW Delay Time tos[ — [ins | 7 
| Column Address to W Time ale 


8. 


9. 


10. 


11. 
12. 























sheet as electrical characteristics only. If 
twcs2twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. If tewo2tcwp(min) and 
tawo2trwo(min) and tawp2tawp(min), then the cy- 
cle is a read-write cycle and the data out will con- 
tain the data read from the selected address. If 
neither of the above conditions are satisfied, the 
condition of the data out is indeterminate. 

Either tacH or taRH must be satisfied for a read 
cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max) limit insures that 
trac(max) can be met. trap(max) is specified as a 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is con- 
trolled by taa. 

These specifications are applied in the test mode. 
tar, twoer, toHrR are refrerenced to trapimax). 
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TIMING DIAGRAMS 

















READ CYCLE 
tre 
tRAS 
RAS iS tar 
——— ‘ 
rT , | tcrp 
TS ea Li / 











Vin— (xX) ROW ' YY COLUMN OxXXXX V XK XXXKXKKKK KK X XX) 
vn ROM _acomess PRA Rooms DRA OA RR X ARIAS 


tRRH 







r— ov KKK 
Vir — ORR RYRYY ta RRQ OUKY 





torr 


VoH— 
VoL— 





WRITE CYCLE (EARLY WRITE) 


RAS 


CAS 


3| 

















Vin— 
Vit— 
tap 
ae = 
Vip — 
Vir— : 









Vin— AX) ROW — (XX COLUMN KAKXXXXXKXXKXAXKKK KK KKKK KX) 
Vit— LY eee. X x) y C Sobnees MMe OO 


















twcs 






Viq— XKKOOOOOOKK twe OOK AX XXX KAM KAKO KK KK KKK KK 
Vie OOOO OY. | LR OOOO OR RYO DO OY 
aes aan ery 
twor 
tos — tou 


ViH— KKK K KKK KKK KK) TY XXKKXX IKK KN XN 00:4" 6; TX wK °K wK oR w%X ¥, XK K 

Vir QRYQ ROR RRR RK DATA PRR KR ORR 
toHR 

VoH— 


OPEN 
VoLt— 








PX] con's CARE 
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TIMING DIAGRAMS (Continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 




















tAWG 
tras 
ny Vin— taR 
RAS Vi 
ae tcsH trp 
as tRSH P tcrP: 
== Vin— : 
oe el [ id 
pee Pe 
Vin— CY 7 xy) . uxX YX XXX KOON YX YYXXKXKKX) 
5 Vit— XA ADDRESS ANY ADDRESS RN 
oe 
5 
oe Vin— ADAAOYYY YOO 
WU ORY Ee 
tcac twp torr 
Vv hae XXX) 
OH— 4 g VALID , 
2 ve oPeN QR a 
trac tos ton 
Vin— OK KKK KOSI) ele OLLI KIKI 
? Vin PROP I  h_PATA_ PRS ORK IY 


FAST PAGE MODE READ CYCLE 


7 trasP 

ie = 

Vit— | 

ire =a i 

omni s 2 

[ee : 

(fete lh 

Vip— y, CAPA 
"= SHEREXOK SE XRRRRREK EON 


A we Se: ih 8b ROY 
CS 
ae 













RRA 
XXX KKK KKK KKK 





torr 
Vie— ‘cL 2 ROA VXOAVALID YY vau 
0 wR OPEN SM aie Monta PEM ona 
trace taRH 
tach 
tacs tRCH 
_ Vin— 90066, 
Ww Vit— CY 
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TIMING DIAGRAMS (continuea) 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 











trp 
RAS Vin— tRasp- — 
aS ViL— 
‘ bh — tcsH ; ’ a wera — cere | 
CRP CAS cP cp 
|. trcb 
tcas tcas 
ono \\ \ 
Ss 
“ ae 

traL——-] 














t--— trap 





ia twor 
twcs 





Aas 


=| 


tos 


: ViH- Vn AO XY Oy XX vatio vara} 


Vin— loss 
vu RON 


twcH 


twp 








toHR 
VoH— 
VoL— 


—~ 


an tasc tasc 
tasr traH | tasc tcaH tcaH 
me x ROW a COL (XX) 





tbH | tos 
YY 





OPEN 


tCAH 





twcH 


tDH 











CX 
— twcs call twos 


an u - AY 


V/V 
ARERR 





OXY DON’T CARE 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE READ-WRITE CYCLE 














































































































(ees tRASP 
os VIH - 
RAS 
Vit - 
tcsH |} tRSH 
pRWC————| 
tcrP -— tacD ——tcas tcp ara fom tcas—=4 
tcas-—— 
a Vin 0 
CAS \ // 
Vit - 
p——-+—} —_ tRAL—__}_}_J 
thes tRAH | tasc tcaH Nata tcaH 
ViH - i, VAN, CX YY XK KROXK 
A vo & cocanp KASY cotann KX ORY 
Wee, Gara sy. XOX Xs KR ERRAREIK 
tcwo tcwo tcwD 
traD-——4 ‘en ; 
towL CWL 
pene = tawD—} sai j—tawo——| 
trcs j—— tRWL +4 
= VIH - AAKAKAKAKAKA/Y VW 
Ww OXKX KX KKM 004, 
VIL - Gs 4 
twp twp twp 
‘er tRwo + 
tos ‘oH eee tbH tps 'DH 
| 
VIH - ) 
e YOK K KKK KKK XKXXMMAVALIONAY KK XX KXWALIOWK XX KX XAWALID 
vn RAKIM OMA XXII KTR XN 
| teLz teiz —tciz/+-— 
tcac tcac tcac -— 
ae bet tana t——taa 
i tRAc tcpa {CPA 
. ( K OX Bae 
Q f VALID ‘ VALID { VALID 
Ly torF torF torr 


segeyes| DON’t CARE 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, D, Aio= Don’t Care 





tre 
tras 
RAS Viu— 
Vir— 
tasR bik 
ViH— OX KK KK KKK KX _-— XXX IK IKK IKK KKK KKK KKK KKK 
: Vi ORR, _Row aporess KARR RRR KEK R ERNE 


Ve— h 
a ae \_/ 
Vi— 
tcrP tape: 


Vv =— 
Q OH ep cheeses (_) E> f= {\} 
Vot— 





CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address = Don’t Care 




















oe Vin— 
RAS Vi— 

Vin— AAARATAAAARARAAS 
ae RK KK 

Viu—- V/S/\/\AS/YV AANA /\\A AAA AANAAAAAAAAAAAAAN AAT AIA) 
W Vi RY oR RK KKK KKK CK 
Q a 5 OPEN 


RYSy DON’T CARE 
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TIMING DIAGRAMS continued) 
HIDDEN REFRESH CYCLE (READ) 







































































/— trc-- a 
= tRAS at Be tap——} [| | 
met 
ae Jac ice fe tRSH tcHR zs 
= 
|—— tRaD——}— | tRAL - | 
he {tani ; + | 
tek RAH. tasc_|_-| CAH | 
Vip—VV/Y¥Y /Y AAYYYYVYYYYYYYYYYYVWYXY VV YY YY YY YY VX 
A Wo RON abrtss QA SSBREES DAKAR KR KORO 
twrH| 
tres tRRH twrp 
a ViqH— AATAARARAAIG V VAVAVAVAVAV,CAVAVAVATATATOTOVAVAVQTATATAVAYA' 
: Ve RY es RR) 
— trac 
Q ae | VALID DATA 
VoL— 
tcLz —-— 





HIDDEN REFRESH CYCLE (WRITE) 











ps tRAS tRP os tras —| 























Vin— YY KY —\ | ATARI AINA TIAA AAA 
«vn AXA actress ASX. SSOREBS DRANK KNOX 








tweH_ | 




































_ Vin— PYYVWVWYVWVYWAA/VVYVWVYWV KAYAVV YVVYYVVY YVY VV YY Y 

" Te ARR RR RRR RRR RAR KKK 
Vin— AAAASAYYVYVAYVY/Y/JA SY \/ YWAAA YA AAAAYYYPPAVYYW@ VW ®WW@YW{YV7Z/?YY#Y” 

Vi RRR vauermara DORR RR RR RRR RI RK CAI 
VoH— | tDHR 

? VoL— PEN 





xX DON'T CARE 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


RAS Vip— 
eS tcesr 
CAS Vin— 
Vit— 
: sa 
ViH— WIRAARAYWY OCA KADY OV VDP 
a Vin RRR KK KRY 
READ CYCLE head 
eae 
2 ow 
i twrpe twRH i | 
RCS 
Vin— SRRARA EXTRA R A 
w Vi LORY KRY 
WRITE CYCLE 
VoH— 
. VoL— 
twrp twRH 
_ Vin YOVYYV9 CVV YY 
w Vine QR RY OS 
WH— XYVYVVYVV VV 
? Van RRR REX RRR RK 
READ-WRITE CYCLE 
Q le OPEN 
oL— mi 
twrpl| | twrH P| 
Vin~ YYYYRG ONY VV A 
w Vit— RY RY tres 
Vip— 











tRAS 




























x WOIANV VOY IAI 
G_aooness SARK RRR KY 














torr 





XXX VALID DATA 
.’) » 


ini 


tRCH 


LN AS/N\/ 
QY 














VYAALVA AY AAA AAS YA AAAAAAAAAASYY AVY 
RIKER LR KKK KRACK 














AAI AAAI VV 
RELY 


c/a 
xX NaCaeesncncarane « eset tetstatalaeenene y, 


XX W 
POO 09, QO XX 


XK 










torr 


OY ¥ 
LO 









XXX YVAAAASAASA/ 
LEEK KON Y 
twp 


VY 


ORI AY 
ORION 









xX DON’T CARE 
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TIMING DIAG RAMS (Continued) 


TEST. MODE IN CYCLE 
NOTE: D. Address=Don’t Care 


RAS 


ViL— trpc 
tcp tcsr , 
eee me 
ae Vin— 
CAS 0 
Vit— 





Vin— VV VY 
es ™— IXKXXKKKKY) 
Vit— YY WK 
torr 
Q VoH— N 


Vot— 


TEST MODE DESCRIPTION 


The KM41C4000L is the RAM organized 4,194,304 
words by 1 bit, it is internally organized 524,288 words 
by 8 bits. In ‘“‘Test Mode”, data are written into 8 sec- 
tors in parallel and retrieved the same way. A1or. A1oc 
and Aoc are not used. If, upon reading, all bits are equal 
(ail ‘‘1'’s or “O’’s), the data output pin indicates a ‘‘1”. 
If any of the bits differed, the data output pin would in- 


VVVVVVA/JVYVVV 
AXXK OX) AX 


VV VYVY VY VVVV YVY 
AXON RX RKRAXYY 


IALAALL 


trc 


tRAS tre 


RAR XRLELSRRKRERK KEKE) 
ORR 


YY KX KYKKKKKK KKK YX 
ealatalacetatatatatarararerecrerettereretaran 


OPEN 





XX] DON'T CARE 


dicate a ‘“‘O” In “Test Mode’, the 4M DRAM can be tested 
as if it were a 512K DRAM W, CAS Before RAS Cy- 
cle (Test Mode in Cycle) puts the device into “Test 
Mode”. And “CAS Before RAS Refresh Cycle” or “RAS 
only Refresh Cycle’’ puts it back into “Normal Mode”. 
The “Test Mode” function reduces test time (1/8 in cases 
of N test pattern). 
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DEVICE OPERATION 


Device Operation 

The KM41C4000/L contains 4,194,304 memory loca- 
tions Twenty two address bits are required to address 
a particular memory location. Since the KM41C4000/L 
has only 11 address input pins, time multiplexed address- 
ing is used to input 11 row and 11 column address. The 
multiplexing is controlled by the timing relationship bet- 
ween the row address strobe (RAS), the column address 
strobe (CAS) and the valid row and column address 
inputs. 


Operating of the KM41C4000/L begins by strobing ina 
valid row address with RAS while CAS remains high. Then 
the address on the 11 address input pins is changed from 
a row address to a column address and is strobed in by 
CAS. This is the beginning of any KM4.1C4000/L cycle 
in which a memory location is accessed. The specific type 
of cycle is determined by the state of the write enable 
pin and various timing relationships. The cycle is ter- 
minated when both RAS and CAS have returned to the 
high state. Another cycle can be initiated after RAS re- 
mains high long enough to satisfy the RAS precharge time 
(tap) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, trp, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM41C4000/L begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 

Aread cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. If CAS goes low 
before trcp(max), the access time to valid data is 
specified by trac. If CAS goes low after trcp(max), the 
access time is measured from CAS and is specified by 
tcac. In order to achieve the minimum access time, 
trac(min), it is necessary to bring CAS low before 
tacp(max). 


Write 

The KM41C4000/L can perform early write late write and 
read-modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between W and CAS. In any type 
of write cycle, Date-in must be valid at or before the fall- 
ing edge of W or CAS, whichever is later. 


Early Write: An éarly write cycle is performed by bring- 
ing W low before CAS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common I/O applications because 
the data-in and data-out pins may be tied together without 
bus contention. 


Read-Modify-Write: |n this cycle, valid data from the ad- 
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca- 
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write cycle tim- 
ing requirements. This cycle requires using a separate 
1/O to avoid bus contention. 


Late Write: If W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, trwp, tcwo and tawp, are not necessarily 
met. The state of date-out is indeterminate since the out- 
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate !/O to 
avoid bus contention. 


Data Output 

The KM41C4000/L has a three-state output buffer which 
is controlled by CAS. Whenever CAS is high (Vin) the 
output is in the high impedance (Hi-Z) state. In any cy- 
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tcLz after the falling edge of CAS. Invalid data may be 
present at the output during the time after tcLz and 
before the valid data appears at the output. The timing 
parameters tcac, trac and taa specify when the valid 
data will be present at the output. The valid data remains 
at the output until CAS returns high. This is true even if 
anew RAS cycle occurs (as in hidden refresh). Each of 
the KM41C4000/L operating cycles is listed below after 
the corresponding output state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-before-RAS Refresh, CAS-only 
cycle. 


Indeterminate Output State: Delayed Write 


Refresh 

The data in the KM41C4000/L is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
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DEVICE OPERATION (Continued) 


16/128 (L-version)ms. There are several ways to ac- 
complish this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 


CAS-before-RAS Refresh: The KM41C4000/L has CAS- 
before-RAS on-chip refreshing capability that eliminates 
the need for external refresh addresses. If CAS is held 
low for the specified set up time (tcsr) before RAS goes 
low, the on-chip refresh circuity is enabled. An internal 
refresh operation automatically occurs. The refresh ad- 
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CAS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM41C4000/L hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
KM41C4000/L by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. These are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


Fast Page Mode 

The KM41C4000/L has Fast Page mode capability. Fast 
Page mode memory cycles provide faster access and 
lower power dissipation than normal memory cycles. In 
Fast Page mode, it is possible to perform read, write or 
read-modify-write cycles. As long as the applicable tim- 
ing requirements are observed, it is possible to mix these 
cycles in any order. A Fast Page mode cycle begins with 
anormal cycle. Then, while RAS is kept low to maintain 
the row address, CAS is cycled to strobe in additional 
column addresses. This eliminates the time required to 
set up and strobe sequential row address for the same 
page. Up to 2048 memory cells can be accessed with 
the same row address. 


CAS-Before-RAS Refresh Counter 
Test Cycle 


A special timing sequence using the CAS-before-RAS 


counter test cycle provides a convenient method of veri- 
fying the functionality of the CAS-before-RAS refresh ac- 
tivated circuitry. 


After the CAS-before-RAS refresh operation, if CAS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 


This is shown in the CAS-before-RAS counter test cy- 
cle timing diagram. A memory cell can be addressed with 
11 row address bits and 11 column address bits defin- 
ed as follows: 


Row Address—Bits Ao through Ag are supplied by the 
on-chip refresh counter. This Aio bit is set high in- 
ternally. 


Column Address—Bits Ao through Azo are strobedin by 
the falling edge of CAS as in a normal memory cycle. 


Suggested CAS-Before-RAS Counter Test 


Procedure 
The CAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 


1. Initialize the internal refresh counter by performing 
8 CAS-before-RAS cycles. 

2. Write a test pattern of ‘lows’ into the memory cells 
at a single column address and 1024 row addresses. 
(The row addresses are supplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the “lows” writ- 

ten during step 2 and write “highs” into the same 

memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

Read the “highs” written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


> 


Power-up 

if RAS=Vgs during power-up, the KM41C4000/L could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. It is recommended that RAS and CAS track 
with Vcc during power-up or be held at a valid VIH in 
order to minimize the power-up current. 


An initial pause of 200us is required after power-up 
followed by any 8 CBR or ROR cycles before proper 
device operation is achieved. 
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PACKAGE DIMENSIONS 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.030 (0.76) 
MIN 









ae ee en Oe ee 
oO wm lo 

rs o 18 815 Sle 
Lie £jeela Slo 
2112 olne bedi [ince 
+13 =|N als ola 
2 | 21 2) 0 Sts 
Sjo Slo Ol6o ole 








0.670 (17.02) 0.148 (3.76) 
0.680 (17.27) MAX 
0.004 (0.1) 
0.050 (1.27) 0.015 (0.38) 0.026 (0.66) 
TYP 0.021 (0.53) 0.032 (0.81) 
0.050 (1.27) 
MAX 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


tas a0) aia 808 
1.035 (26.29) | oer 








‘ 









0.325 (8.26) 
0.335 (8.51) 

0.400 (10.16) 
MAX 





i 












0.009 (0.23) 
0.013 (0.33) 








0.100 (2.54) 
TYP 














0.050 (1.27) 0.050 (1.27) 
TYP MAX 


0.014 (0.36) 


0.024 (0.61) 


0.100 (2.54) 
N 
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4MxX1 Bit CMOS Dynamic RAM with Nibble Mode 


FEATURES 
¢ Performance range: 


tate | tone | tee 


KM41C4001- 8 
KM41C4001-10 












Nibble Mode operation 

CAS-before-RAS refresh capability 
RAS-only and Hidden Refresh capability 
8-bit fast parallel test mode capability 
TTL compatible inputs and output 
Common I/O using Early Write 

Single +5V+10% power supply 

1024 cycles/16ms refresh 

JEDEC standard pinout 

Available in Plastic SOJ, ZIP 


FUNCTIONAL BLOCK DIAGRAM 







CONTROL & 
CLOCK 










COLUMN DECODER 


SENSE AMPS & I/O 


Ao 






a 
ee 
w{]a 
218 MEMORY ARRAY 
|B 4,194,304 Celis 
uw 
Rs 3 a= WeG 
a ;a 
Ato < —— Vss 


GENERAL DESCRIPTION 


The Samsung KM41C4001 is a high speed CMOS 
4,194,304 bit X 1 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 


The KM41C4001 features Nibble Mode operation which 
allows high speed serial access of up to 4 bits of data. 


CAS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only refresh. All inputs 
and output are fully TTL compatible. 


The KM41C40071 is fabricated using Samsung’s advanc- 
ed CMOS process. 


PIN CONFIGURATION (top views) 


e KM41C4001J 


¢ KM41C4001Z 



































Pin Name Pin Function 
Ao-A10 Address Inputs 
D Data In 
Q | Data Out 
W Read/Write Input 
RAS Row Address Strobe 
CAS Column Address Strobe 
Voc Power (+5V) 
Vss Ground 
N.C. No connection 
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ABSOLUTE MAXIMUM RATINGS* 























Item Symbol Rating Unit 
Voltage on Any Pin Relative to Vss Vin, Vout —1 to +7.0 | eee Sere 
Voltage on Vcc Supply Relative to Vss Voc L —1 to +7.0 Wiclecane : Saree 
| _ Storage Temperature 7 Tstg —55 to +150 °C. 
Power Dissipation Pp : 600 i. mW 
Short Circuit Output Current los | 50 mA 











* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=O to 70°C) 
































Item Symbol Min Typ Max Unit 
Supply Voltage Vcc 4.5 5.0 5.5 V 
Ground Vss 0) OL, 30 Vv 
Input High Voltage Vind 2.4 pal. SS Vect1 __Y 
Input Low Voltage VIL —-1.0 — 0.8 V 


DC AND OPERATING CHARACTERISTICS (0°c<ta<70°C, Voc =5.0V+10%) 


(Recommended operating conditions unless otherwise noted) 


























Parameter Symbol Min Max Unit 
Operating Current* KM41C4001- 8 — 100 mA 
| __(RAS, CAS, Address Cycling @ tac=min) ‘| KM41C4001-10 cor | — | 85 | ma | 
Standby Current 
_(RAS=CAS=Vin) Ioce — 2 | mA 
RAS-Only Refresh Current* KM41C4001- 8 —_ 100 mA 
(RAS Cycling, CAS=Vin, @ tac=min) KM41C4001-10 “s _ 85 mA 
T 
Nibble Mode Current* KM41C4001- 8 | — 60 mA 
_(RAS=Vu, CAS, Address cycling: @ tyc=min.) | KM41C4001-10 | —-%* — | 50 | mA 
Standby Current tr 1 ma 
(RAS=CAS=Vcc-0.2V) CC5 | 
CAS-Before-RAS Refresh Current* KM41C4001- 8 I — 100 mA 
(RAS and CAS cycling @ tac=min.) KM41C4001-10 — — 85 | mA 
Standby Current | = 5 an 
(RAS=Vin, CAS=Vi_ Dout=Enable) : Pees At | 





Input Leakage Current 
(Any input O<Vin<6.5V, ie —10 10 HA 
all other pins not under test=O volts.) 


























Output Leakage Current 

[ — 
(Data out is disabled, OV<VouT<5.5V) Se ie a iy His 
Output High Voltage Level (loy=—5mA) VOoH 24> if — Vv 
Output Low Voltage Level (loL=4.2mA) VoL —_— 0.4 V 





*NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Icc is specified as an average 
current. Specified value are obtained with the output open. Icc1, Icc3, Icce Address can be changed max- 
imum two times while RAS=ViL. Icca, Address can be changed maximum once while CAS=Vix. 
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CAPACITANCE (t,=25°c) 





input Capacitance (Ao-Aio, D) 









Input Capacitance (RAS, CAS, W) 


Cin2 





pF 











Output Capacitance (Q) 









AC CHARACTERISTICS (0°c<tTa<70°C, Vec=5.0V+10%, See notes 1,2) 


KM41C4001-8 


KM41C4001-10 





































































































Standard Operation Symbol Unit | Notes 
Min Max Min Max 
Random read or write cycle time tro 150 180 ns 
Read-modify-write cycle time ! trwe 175 210 ns 
Nibble Mode Cycle Time : tne 40 45 ns 
Nibble Mode Read-Write Cycle Time tnRwco 65 70 ns 
| Access time from RAS trac 80 | 100 | ns | 3,4 
Access time from CAS tcac 20 25/ ns | 3,4 
| Nibble Mode Access Time tncac 20 25 | ns 
| Access time from column address taa 40 50} ns | 3,10 
CAS to output in Low-Z | ; touz 5 5 ns 3 
| Output buffer turn-off delay torr 0 15 0 20| ns | 6 | 
| Transition time (rise and fall) tt 3 50 3 50; ns 2 
RAS precharge time trp 60 70 ns | 
RAS pulse width tras | 80| 10,000|100| 10,000| ns | 
RAS hold time tRSH 20 25 ns 
CAS hold time tcsy_ | 80 [100 | ns 
CAS pulse width tcas 20| 10,000| 25| 10,000] ns | 
RAS to CAS delay time taco | 20 60| 25 75| ns | 4,5 | 
RAS to column address delay time trap 15 40] 20 50 | ns 10 
CAS to RAS precharge time tcrp 5 10 ns_| 
Row address set-up time tasr 0 | 6) ns | 
| Row address hold time tRaH 10 15 ns 
Column address set-up time tasc 6) O ns 
Column address hold time tCAH __ 20 20 ns 
Column address hold referenced to RAS taR 60 75 ns 12 
Column Address to RAS lead time tra. | 40 | 60 ns | 
| Read command set-up time trcs 0 0 ns 
Read command hold referenced to CAS tRCH ) 0 ns | 8 
Read command hold referenced to RAS tRRH oO; 0 ns 8 
Write command hold time twcH 15 | 20 ns _ 
Write command hold referenced to RAS twcr 60 75 ns 12 





Write command pulse width 
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AC CHARACTERISTICS (Continued) 


































































































KM41C4001-8 | KM41C4001-10 
Standard Operation Unit | Notes 
Max 
Write command to RAS lead time tRWL 20 25 ns 
Write command to CAS lead time towL 20 25 if ns | 
Data-in set-up time tos 0 | 0 ns 9 
Data-in hold time tow | 15 20 ns 
Data-in hold referenced to RAS toon __| 60 75 ns 12 
Refresh period (1024 cycles) tREF { 16 16/} ms 
Write command set-up time twcs | 0 O ns 7 
CAS to write enable delay tcwpb | 20 25 ns 7 
RAS to write enable delay trwo 80 100 | ns 7 
Column address to W delay time tawp 40 50 | ns 7 
CAS setup time (C-B-R refresh) tcsR 10 10 ns 
CAS hold time (C-B-R refresh) tcHR 30 30 ns | 
RAS percharge to CAS hold time trec 0 0 ns | 
| CAS precharge (C-B-R counter test) tcpt 40 50 ns 
| Nibble mode CAS pulse width tNcas 20 25 ns 
| Nibble mode CAS precharge time tncp 10 10 ns 
Nibble mode RAS hold time tyrsy | 20 25 
Nibble mode CAS to W delay time town | 20 ns 
| Nibble mode W to RAS lead time twaw. | 20 25 ns 
| Nibble mode W to CAS lead time tncw. | 20 25 ns 
Write command set-up time (Test mode In) twTs 10 10] | ns 
Write command hold time (Test mode In) twTH 10 10 | | ns 
W to RAS precharge time (C-B-R refresh) twrP 10 10 | ns 
W to RAS hold time (C-B-R refresh) twRH 10 10 ns 
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NOTES 


1. An initial pause of 200us is required after power- 


up followed by any 8 CAS-before-RAS or RAS on- 
ly refresh before proper device operation is 
achieved. 

2. Vir(min) and Vit(max) are reference levels for measur- 
ing timing of input signals. Transition times are 
measured between Vinimin) and Vitimax), and are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 





TEST MODE CYCLE (Note. 11) 
KM41C4001-8 | KM41C4001-10 
Parameter Unit | Notes 
Min Max 
| Random read or write cycle time trc 155 185 ns _| | 
| Read-modify-write cycle time trwc 180 215 ns 
| Access time from RAS trac 85 105] ns | 3,4 
| Access time from CAS 25 30| ns | 3,4 
Access time from column address 45 55 |} ns | 3,10 
RAS pulse width 85; 10,000/105| 10,000] ns 
CAS pulse width 25| 10,000] 30] 10,000] ns 
RAS hold time 25 30 ns 
CAS hold time 85 | 105 ns 
Column address to RAS lead time 45 55 ns 
CAS to W delay time 25 30 ns 7 
RAS to W delay time 85 105 ns 7 
Column address to W delay time 45 55 ns 7 




















sheet as electrical characteristics only. If 
twcs2twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. If tewo2tcwpimin) and 
tawo2trwo(min) and tawp2tawoimin), then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


100pF 8. Either tac or taRH must be satisfied for a read 
4. Operation within the tracpimax) limit insures that cycle. 
tRAC(max) Can be met. tacpimax) iS specified as a 9. These parameters are referenced to the CAS 
reference point only. If trcp is greater than the leading edge in early write cycles and to the W 
specified trcpimax) limit, then access time is con- leading edge in read-write cycles. 
trolled exclusively by tcac. 10. Operation within the trapmax) limit insures that 
5. Assumes that tacp>trcp(max). tRac(max) can be met. trapimax) is specified as a 
6. This parameter defines the time at which the out- reference point only. If trap is greater than the 
put achieves the open circuit condition and is not specified tran(max) limit, then access time is con- 
refernced to Vou or VoL. trolled by taa. 
7. twos, trwp, tcwo and tawp are non restrictive 11. These specifications are applied in the test mode. 
operating parameters. They are included in the data 12. tar, twor, toHR are refrerenced to trap(max). 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
NIBBLE MODE WRITE CYCLE (EARLY WRITE) 
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tras —---- trp. 
AAS tg 
IL— 
tNRSH 
tnRwc 
ae ViH#— 
CAS ViL— 
Vin—- Y ; 7, sy, AY CAV VV Y, / 
a QO Foe M5 RRR — SRO RR ROK 
tNCWL p=— tNRWL 
= ViH— os xX XX v (X9 WKN YY XXX % 
vn ROO mt AR MO ARS 
trac we: fai twe 
cs reel 
cls a teal sa 
tbH 


= . 2 % 
SNS) STI EDD GESEDD 1 GED C0 
a CARE 





& SAMSUNG - 


Electronics 


KM41C4001 | CMOS DRAM 





TIMING DIAGRAMS 6 continued) 


RAS-ONLY REFRESH CYCLE 


Note: GAS=Vin, W,D, A1o =Don't Care 
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TIMING DIAGRAMS (continued) 


HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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KM41C4001 CMOS DRAM 
TIMING DIAGRAMS (Continued) 
TEST MODE IN CYCLE 
NOTE: D, Address = Don’t Care 
trc 
fee tas trp 
me Vin— trec 
Vit— 
tcp tcsR ian Pe ; 
ees me 
cae Viq— (y XXX YY XKK KAA XYKKXXXEKK KKK X XXXXX) 
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Vip— VV VVVV VV VY S\\/ V/V VVV SAS YY VVV VY VV VV VV YY 
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torr 
Q ce ) OPEN 
Vio — 


TEST MODE DESCRIPTION 


The KM41C4001 is the RAM organized 4,194,304 
words by 1 bit, it is internally organized 524,288 words 
by 8 bits. In “Test Mode’, data are written into 8 sec- 
tors in parallel and retrieved the same way. A1or. A1oc 
and Aoc are not used. If, upon reading, all bits are equal 
(all “1s or “O’’s), the data output pin indicates a “1”. 
If any of the bits differed, the data output pin would in- 


EX 00% cane 


dicate a ‘‘0” In “Test Mode”, the 4M DRAM can be tested 
as if it were a 512K DRAM. W, CAS Beofre RAS Cy- 
cle (Test Mode in Cycle) puts the device into ‘‘Test 
Mode”. And “CAS Before RAS Refresh Cycle” or “RAS 
only Refresh Cycle”’ puts it back into ‘Normal Mode’. 
The “Test Mode” function reduces test time (1/8 in cases 
of N test pattern). 
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DEVICE OPERATION 


Device Operation 

The KM41C4001 contains 4,194,304 memory loca- 
tions. Twenty-two address bits are required to address 
a particular memory location. Since the KM41C4001 has 
only 11 address input pins, time multiplexed addressing 
is used to input 11 row and 11 column address. The 
multiplexing is controlled by the timing relationship bet- 
ween the row address strobe (RAS), the column address 
strobe (CAS) and the valid row and column address 
inputs. 


Operating of the KM41C4001 begins by strobing in a 
valid row address with RAS while CAS remains high. Then 
the address on the 11 address input pins is changed from 
a row address to a column address and is strobed in by 
CAS. This is the beginning of any KM41C4001 cycle 
in which a memory location is accessed. The specific type 
of cycle is determined by the state of the write enable 
pin and various timing relationships. The cycle is ter- 
minated when both RAS and CAS have returned to the 
high state. Another cycle can be initiated after RAS re- 
mains high long enough to satisfy the RAS precharge time 
(tap) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, trp, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM41C4001 begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. If CAS goes low 
before trcp(max), the access time to valid data is 
specified by trac. If CAS goes low after tacp(max), the 
access time is measured from CAS and is specified by 
tcac. In order to achieve the minimum access time, 
trac(min), it is necessary to bring CAS low before 
tacp(max). 


Write 

The KM41C4001 can perform early write, late write and 
read-modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between W and CAS. In any type 
of write cycle, Date-in must be valid at or before the fall- 
ing edge of W or CAS, whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycie the output remains in the Hi-Z state. 
This cycle is good for common |/O applications because 
the data-in and data-out pins may be tied together without 
bus contention. 


Read-Modify-Write: In this cycle, valid data from the ad- 
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca- 
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write cycle tim- 
ing requirements. This cycle requires using a separate 
1/0 to avoid bus contention. 


Late Write: \f W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, trwp, tcwp and tawp, are not necessarily 
met. The state of date-out is indeterminate since the out- 
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate I/O to 
avoid bus contention. 


Data Output 

The KM41C4001 has a three-state output buffer which 
is controlled by CAS. Whenever CAS is high (Vin) the 
output is in the high impedance (Hi-Z) state. In any cy- 
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tciz after the falling edge of CAS. Invalid data may be 
present at the output during the time after tciz and 
before the valid data appears at the output. The timing 
parameters tcac, trac and taa specify when the valid 
data will be present at the output. The valid data remains 
at the output until CAS returns high. This is true even if 
anew RAS cycle occurs (as in hidden refresh). Each of 
the KM41C4001 operating cycles is listed below after 
the corresponding output state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Nibble Mode Read, Nibble Mode Read- 
Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Nib- 
ble Mode Write, CAS-before-RAS Refresh, CAS-only 
cycle. 


Indeterminate Output State: Delayed Write 


Refresh 

The data in the KM41C4001 is stored ona tiny capacitor 
within each memory cell. Due to leakage the data may 
leak off after a period of time. To maintain data integrity 
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DEVICE OPERATION (Continued) 


it is necessary to refresh each of the rows every 16 ms. 
There are several ways to accomplish this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 


CAS-before-RAS Refresh: The KM41C4001 has CAS- 
before-RAS on-chip refreshing capability that eliminates 
the need for external refresh addresses. If CAS is held 
low for the specified set up time (tcsr) before RAS goes 
low, the on-chip refresh circuity is enabled. An internal 


refresh operation automatically occurs. The refresh ad- 
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CAS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM41C4001 hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
KM41C4001 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, ail the cells in that 
row are automatically refreshed. These are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


Nibble Mode 

The KM41C4001 has Nibble mode capability. Nibble 
mode operation allows high speed serial read, write or 
read-modify-write access of 4 consecutive bits. The first 
of 4 bits is accessed in the usual manner. The remain- 
ing nibble bits are accessed by toggling CAS high then 
low while RAS remains low. 


The 4 bits of data that may be accessed during Nibble 
mode are determined by the lower 10 row address bits 
(Rao-Rag) and 10 column address bits (Cao-Cag). The 
two address bits, Caio and Raio are used to select 1 
of the 4 nibble bits for initial access. The remaining nib- 
ble bits are accessed by toggling CAS with RAS held low. 
Each high-low CAS transition will internally increment the 
nibble address (Caio Raio) as shown in the following 
diagram with Raio being the least significant bit. 


few 0,1 1,0 el 


If more than 4 bits are accessed during Nibble mode, 
the address sequence will wrap around and repeat. If any 
bit is written during Nibble mode, the new data will be 
read on any subsequent access. If the write operation 














is executed again on a subsequent access, the new data 
will be written into the selected ceil location. 


A nibble mode cycle can be a read, write or read-modify- 


‘write cycle. Any combinations of reads and writes or read- 


modify-write be allowed. 


CAS-Before-RAS Refresh Counter 
Test Cycle 


A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of veri- 
fying the functionality of the CAS-before-RAS refresh ac- 
tivated circuitry. 


After the CAS-before-RAS refresh operation, if CAS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 


This is shown in the CAS-before-RAS counter test cy- 
cle timing diagram. A memory cell can be addressed with 
11 row address bits and 11 column address bits defin- 
ed as follows: 


Row Address—Bits Ao through Ag are supplied by the 
on-chip refresh counter. This Aio bit is set high in- 
ternally. 


Column Address—Bits Ao through A1o are strobed-in by 
the falling edge of CAS as in a normal memory cycle. 


Suggested CAS-Before-RAS Counter Test 


Procedure 
The CAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 


1. Initialize the internal refresh counter by performing 
8 CAS-before-RAS cycles. 

2. Write a test pattern of “lows” into the memory cells 
at a single column address and 1024 row addresses. 
(The row addresses are supplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the “lows” writ- 
ten during step 2 and write “highs” into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

4. Read the ‘‘highs’” written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


Power-up 

If RAS=Vsg during power-up, the KM41C4001 could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. It is recommended that RAS and CAS track 
with Voc during power-up or be held at a valid VIH in 
order to minimize the power-up current. : 


An initial pause of 200us is required 1 after power-up 
followed by any 8 CAS-before-RAS or RAS only refresh 
before proper device operation is achieved. 





ce SAMSUNG 


50 


KM41C4001 CMOS DRAM 





PACKAGE DIMENSIONS 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.030 (0.76) 
MIN 












o~ | — —m | —~ | 
Ko) Bw [oO 

R18 o|N8l5 Sle 
LIQ Cf/Leeia slo 
re) o}]"a9Q aoe fe 
+18 ~|lvnaol§8 Olw 
2 1 212 214 Sis 
Slo SISd Ola ole 











bs 0.670 (17.02) - 0.148 (3.76) 
0.680 (17.27) MAX 
0.004 (0.1) 


0.050 (1.27) 0.015 (0.38) 0.026 (0.66) 
TYP 0.021 (0.53) 0.032 (0.81) 
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


1,025 (26.04) - | 
1.035 (26.29) 4 





0.050 (1.27) 
MAX 














0.113 (2.87) 
0.120 (3.05) 








0.325 (8. 
0.335 (8. 
0.400 (10.16) 
MAX 





























0.009 (0.23) 

0.013 (0.33) 
= 
at 

0.014 (0.36) 0.080 (1.27) 0.050 (1.27) 1 Sz 0.100 12.54) 

0.024 (0.61) TYP MAX 8 TYP 
o 
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4MX1 Bit CMOS Dynamic RAM with Static Column Mode 
FEATURES GENERAL DESCRIPTION 


¢ Performance range: The Samsung KM41C4002 is a high speed CMOS 


4,194,304 bit X 1 Dynamic Random Access Memory. 
| stra | tcac | ite | Its design is optimized for high performance applications 
KM41C4002- 8 | sons | 20ns | 150ns | such as mainframes and mini computers, graphics and 


high performance microprocessor systems. 
Static Column Mode operation 


CS-before-RAS refresh capability 
RAS-only and Hidden Refresh capability 
8-bit fast parallel test mode capability 
TTL compatible inputs and output 
Common I/O using Early Write 

Single +5V+10% power supply 

1024 cycles/16ms refresh 

JEDEC standard pinout 

Available in Plastic SOJ, ZIP 






The KM41C4002 features Static Column Mode opera- 
tion which allows high speed random or sequential ac- 
cess within a row. Static Column Mode operation offers 
high performance while relaxing many critical system tim- 
ing requirements for fast usable speed. 


GS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only refresh. All inputs 
and output are fully TTL compatible. 


eee‘te eeee#e 


The KM41C4002 is fabricated using Samsung’s advanc- 
ed CMOS process. 


FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATION (top views) 











































¢ KM41C4002J ° KM41C4002Z 
RAS CONTROL & 
cs CLOCK D 
W 
[coun vaca] : 
rio] SENSE AMPS 810 
Ao fo, 
oc 
w jo 
ran ial 
Pabe MEMORY ARRAY 
RlA alee 30e Gels Pin Name Pin Function 
wy}e —— 
19 ee Ao-A10 Address Inputs 
g —— Vss coated 
Aio Data In 
[—* | 
Q | Data Out 
WwW Read/Write Input 
RAS Row Address Strobe 
CS Chip Select Input 
Voc Power (+5V) 
Vss Ground 
N.C. No connection 
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ABSOLUTE MAXIMUM RATINGS* 



































Item Symbol Rating Unit 
Voltage on Any Pin Relative to Vss | Vin, Vout | —1 to +7.0 V 
Voltage on Vcc Supply Relative to Vss | Vcc —1 to +7.0 V 
Lo _ Storage Temperature __ 7 Tstg —55 to +150 | °C 
| _ Power Dissipation Pp 600 mW 32 
Short Circuit Output Current los 50 mA 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=0 to 70°C) 





_ Supply Voltage 














Ground Vss Os 0 | 0. | V 
|__ Input High Voltage Vin 2.4 _— Vect1 V 
i Input Low Voltage Vit —1.0 — 0.8 Vv 




















DC AND OPERATING CHARACTERISTICS (0°c<ta<70°C, Vcc=5.0V+10%) 


(Recommended operating conditions unless otherwise noted) 








































































Parameter Symbol Min Max Unit 
Operating Current* KM41C4002- 8 mA 
(RAS, CS, Address Cycling @ tac=min) KM41C4002-10 sade — | 85 mA 
Standby Current 
(RAS =CS=ViH) Icc2 > 2 mA 
——— = rv 
RAS-Only Refresh Current* KM41C4002- 8 | — | 100 mA 
(RAS Cycling, CS=Vin, @ tac=min) KM41C4002-10 moe - | 85 mA 

T ; 
Static Column Mode Current* KM41C4002- & — 60 mA 
(RAS=CS=Vit, Address cycling: @ tsc=min.)_| KM41C4002-10 | _° = 50 mA 
P. ma 
Standby Current | _ { A 
(RAS=CS=V¢c-0.2V) ces i 
CS-Before-RAS Refresh Current* KM41C4002- 8 — 100 mA 
(RAS and CS cycling @ trc=min.) KM41C4002-10 CCé6 as 85 mA 
 —  ——— — aaa Wed i a ie fp 
Standby Current = 5 ek 
(RAS=Vin, CS=Vi_ Dout=Enable) oer 
— So 
Input Leakage Current 
(Any input O<Vin<6.5V, lit —-10 10 pA 
all other pins not under test=O volts.) | 
{ 2 4 

Output Leakage Current 10 10 A 
(Data out is disabled, OV<Vout<5.5V) ea a 
Output High Voltage Level (lono=—5mA) VoH 24 | ee SS 
Output Low Voltage Level (loL=4.2mA) VoL _ 0.4 Vv 


*NOTE: Icc1, Iccs, Ilcc4 and Icce are dependent on output loading and cycle rates. Icc is specified as an average 
current. Specified value are obtained with the output open. Icc1, Icc3 , Iocs, Address can be be changed max- 
imum two times while RAS=V\c. Icca, Address can be changed maximum once while CAS=V\y. 
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CAPACITANCE (t,=25°c) 


CMOS DRAM 











Standard Operation 


KM41C4002-10 





Max 







Unit | Notes 















































































































































Random read or write cycle time trc 150 ns 
Read-modify-write cycle time tRwco 175 | ns 
Static column mode cycle time tsc 45 ns 
Static column mode read-write cycle time tsRrwc | 80 1 

Access time from RAS tRAC 80 

Access time from CS tcac 20 

Access time from column address taa 40 

Access time from last write taLw 75 

CS to output in Low-Z tcLz 5 

Output buffer turn-off delay torr 0 15 

Output data hold time from column address taoH 5 | ns 
Output data enable time from W tow 50 70] ns 
Output data hold time from W twou @) ns 
Transition time (rise and fall) tr 3 50 50] ns 
RAS precharge time trp 60 ns 
RAS pulse width tras 80| 10,000 10,000 | ns 
RAS pulse width (static column mode) trasc 80 ; 100,000 [700.00 | ns 
RAS hold time tRSH 20 ns 
CS hold time tcsH 80 ns 
CS pulse width tos 20} 10,000 10,000) ns 
CS pulse width (static column mode) tcosc 20 | 100,000 100,000 | ns 
RAS to CS delay time trop 20 60 75] ns 
RAS to column address delay time 50 |_ns 
CS to RAS precharge time ns 
CS precharge time (static column mode) 10 ns 
Row address set-up time ns 
Row address hold time ns 
Column address set-up time ns 
Column address hold time ns 
Write address hold time referenced to RAS ns 
Column address hold referenced to RAS ns 
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AC CHARACTERISTICS (Continued) 
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KM41C4002-8 | KM41C4002-10 
Standard Operation T Unit | Notes 
Max 
Column Address to RAS lead time ns 
| Column address hold time referenced to RAS rise taH 5 10 ns 
| Last write to column address delay time tLwap 20 35} 25 45] ns 
Last write to column address hold time taHLw 75 | 95 ns 
Read command set-up time trcs 0 0) | ns 
Read command hold referenced to CS tRCoH 0 0 ns fe) 
Read command hold referenced to RAS tRRH 0 0 ns fe) 
Write command hold time twcH 15 20 ns 
Write command hold referenced to RAS twcr 60 | 75) ns 6 
Write command pulse width twe 15 | 20 |_ns 
Write command inactive time tw 10 10 ns 
Write command to RAS lead time tRWL 20 | 25 ns 
Write command to CS lead time tow. 20 25 ns 
Data-in set-up time tos 0 0 ns 10 
Data-in hold time tou 15 20 | ns | 10 
Data-in hold referenced to RAS toHR 60 75 ns 6 
| Refresh period (1024 cycles) tREF 16 | 16/ ms 
Write command set-up time twos 6) 0 ns 8 
CS to W delay time tcwp 20 | 25 [ns 8 
RAS to W delay time trwo 80 100 ns 8 
Coiumn address to W delay time tawo 40 50 ns 8 
CS setup time (C-B-R refresh) tcsr 10 10 ns 
CS hold time (C-B-R refresh) tcHR 30 30 ns 
-| RAS percharge to CS hold time trec 0 0 ‘ns 
CS precharge (C-B-R counter test) tcpT 40 50 | ns 
Write command set-up time (Test mode In) twTs 10 10 | ns 
Write command hold time (Test mode In) twTH 10 10 ns 
W to RAS precharge time (C-B-R refresh) twrP 10 10 ns 
W to RAS hold time (C-B-R refresh) twRH 10 10 |. ns 
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TEST MODE CYCLE 
























































NOTES 


1. 


Gr 


An initial pause of 200us is required after power- 
up followed by any 8 CS-before-RAS or RAS on- 
ly refresh before proper device operation is 
achieved. 


. Vikimin) and Vit(max) are reference levels for measur- 


ing timing of input signals. Transition times are 
measured between Vin(min) and Vit(max), and are 
assumed to be 5ns for all inputs. 

Measured with a load equivalent to 2 TTL loads and 
100pF 

Operation within the trcpimax) limit insures that 
trac(max) Can be met. trcpimax) is specified as a 
reference point only. If tacp is greater than the 
specified trcp(max) limit, then access time is con- 
trolled exclusively by tcac. 

Assumes that tacp>trcpimax)- 

tawr, twer, toHR are referenced to trRan(max) 


. This parameter defines the time at which the out- 


put achieves the open circuit condition and is not 
refernced to Von or VoL. 

twcs, tRwp, tewo and tawp are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 





10. 


11. 


12. 


13. 























(Note. 13) 
KM41C4002-8 | KM41C4002-10 
Parameter + Unit | Notes 
Min Max Min Max 
Random read or write cycle time 155 185 ns 
Read-modify-write cycle time 180 215 ns 
Access time from RAS ; 85 | 105 | ns {3,4,11 
Access time from CS 7 L 25 | 30| ns |3,4,5 
Access time from column address As 55 | ns {3,11 
RAS pulse width 85 | 10,000 | 105} 10,000] ns | 
CS pulse width 25 | 10,000} 30; 10,000/ ns 
RAS hold time 25 30 : ns 
CS hold time - 85 105; | ns 
Column address to RAS lead time 45 | 7 55 [ns 4 
CS to W delay time 25 30 _f[ons 8 
RAS to Wdelay time —_ 85 | 105} ft ns | 8 
Column address to W delay time 45 ; 55 | ns | 8 | 
| Static column mode cycle time 7 ; 50 | 60; ns | __ 
| Static column mode read-modefy-write 85; | 9S | ne: ole em 
| RAS pulse width (Static column mode) __ 85 | 100,000 | 105 | 100,000 |_ ns ae 
| Access time from last write a SM et pees ewes | 00} ns [3,12 
CS pulse width (static column mode) 25 | 100,000} 30; 100,000} ns 


twcs2twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. If towo2tcwpimin) and 
trwo2tRwoimin) and tawo2tawpimin), then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

Either tacH or taRH must be satisfied for a read 
cycle. 

These parameters are referenced to the CS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trapimax) limit insures that 
tRac(max) Can be met. trap(max) is specified as a 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is con- 
trolled by taa. 

Operation within the trwapimax) limit insures that 
taLw(max) Can be met. tLwapimax) is specified as a 
reference point only. If ttwap is greater than the 
specified twap(max) limit, then access time is con- 
trolled by taa. 

These specifications are applied in the test mode. 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS (Continuea) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (continued) 
STATIC COLUMN MODE WRITE CYCLE (W controlled early write) 
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STATIC COLUMN MODE WRITE CYCLE (CS controlled early write) 
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TIMING DIAGRAMS 6 continued) 
STATIC COLUMN MODE READ-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
NOTE: W, D, Aio=Don't Care 

pees Viq— 

RAS “— 


tcrp 
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CS-BEFORE-RAS REFRESH CYCLE 


NOTE: Address=Don’t Care 
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TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS (Continued) 
CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 







































































































































































aera ViH— 
RAS 
Vibe 
aS ViH— 
Vit— 
= tasc eee 
VIH— WRIT A AOL OY VY XK VV KK KY YH 
A Ve RRR KDR ADDRESS KR RRR IY 
225 
t—— tcac 
READ CYCLE 4 tRAL +} 
taa r——- torr 
ViH— KY 
Q (ren OK VALID DATA N 
twrpe twRH ergs tclz taRH 
soos Vin— WG TY AKVVVe BYYYY 
a vi SOY KY | RRS 
WRITE CYCLE 
VoH— 
Q OPEN ———_— + ___—_ 
Vo_t— 
tRwL ——-———__-_ J 
ie ee ae ee 
twrpP 
= Vin— X INI, OT KK KKK KY 
w ae KX RK ROKK 
Vin— YYAYYYYVYYYYYYVKYIYLIYLIYWYYPYPYVWV/ YY YK KYVY VX KYYKAKAXK KW 
: Vn PORE RRR OY KKK KK 
READ-WRITE CYCLE 
Q or in DATA 
oL— 
Vip— YYYAKRXG VV VYYAAAYY KKK X KK YY YY YV YY 
W Vin RY OXKXR RY LK K KKK 
t—-— tcwo 
Vin— YOY AAA AAAAAAAAAI OAR AY AKA KAA AY 
p Vn RRR IRR VALID DATA ERR 


tps {DH 





DON’T CARE 





& SAMSUNG . 


Electronics 


KM41C4002 


CMOS DRAM 





TIMING DIAGRAMS 6 continued) 


TEST MODE IN CYCLE 
NOTE: D, Address= Don’t Care 


panne Vin— 
RAS 

Vir— trec 

tcp tcsr ; 
ae in 

ae Vip— 
= 1H. 

Vit— 






Vip— cx 7, XXKXKKY ) 
ve BOER 
torr 
; | 
. Vo_— } 


TEST MODE DESCRIPTION 


The KM41C4002 is the RAM organized 4,194,304 
words by 1 bit, it is internally organized 524,288 words 
by 8 bits. In “Test Mode’, data are written into 8 sec- 
tors in parallel and retrieved the same way. Aior. Atoc 
and Aoc are not used. If, upon reading, all bits are equal 
(all ““1"’s or “O'"’s), the data output pin indicates a “1”. 
If any of the bits differed, the data output pin would in- 


VVVV 
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AaXRXXXAXA RANE RON 


tro 


tRas trp 


CY OXKK KKK XXXKKKKXKXKXKXKK VV/ KK KKK 
KK RR rR 


X OOO nnr sn nnen 


i WY 


OPEN 


XX] DON'T CARE 


dicate a ‘‘O” In “Test Mode”’”, the 4M DRAM can be tested 
as if it were a 512K DRAM. W, CS Before RAS Cycle 
(Test Mode in Cycle) puts the device into ‘‘Test Mode’”’. 
And “CS Before RAS Refresh Cycle” or “RAS only 
Refresh Cycle”’ puts it back into ‘‘Normal Mode’. The 
“Test Mode” function reduces test time (1/8 in cases 
of N test pattern). 
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DEVICE OPERATION 


Device Operation 

The KM41C4002 contains 4,194,304 memory loca- 
tions. Twenty-two address bits are required to address 
a particular memory location. Since the KM41C4002 has 
only 11 address input pins, time multiplexed addressing 
is used to input 11 row and 11 column addresses. The 
multiplexing is controlled by the timing relationship bet- 
ween the row address strobe (RAS), the chip sellect in- 
put (CS) and the valid row and column address inputs. 


Operating of the KM41C4002 begins by strobing in a 
valid row address with RAS while CS remains high. Then 
the address on the 11 address input pins is changed from 
a row address to a column address and is strobed in by 
CS. This is the beginning of any KM41C 4002 cycle in 
which a memory location is accessed. The specific type 
of cycle is determined by the state of the write enable 
pin and various timing relationships. The cycle is ter- 
minated when both RAS and CS have returned to the 
high state. Another cycle can be initiated after RAS re- 
mains high long enough to satisfy the RAS precharge time 
(tre) requirement. 


RAS and CS Timing 

The minimum RAS and CS pulse widths are specified 
by tras(min) and tcs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, trp, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM41C4002 begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. But the access time also depends on the falling 
edge of CS and on the valid column address transition. 


If CS goes low before tacp(max) and if the column ad- 
dress is valid before trap(max) then the access time to 
valid data is specified by trac(min). However, if CS goes 
low after trcp(max) or if the column address becomes 
valid after tpap(max), access is specified by tcac or taa. 
In order to achieve the minimum access time, trac(min), 
it is necessary to meet both tacp(max) and trap(max). 


Write 
The KM41C4002 can perform early write, late write and 


read-modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between W and CS. In any type 
of write cycle, Date-in must be valid at or before the fall- 
ing edge of W or CS, whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common I/O applications because 
the data-in and data-out pins may be tied together without 
bus contention. 


Read-Modify-Write: In this cycle, valid data from the ad- 
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca- 
tion. This cycle is achieved by bringing W low after CS 
and meeting the data sheet read-modify-write cycle tim- 
ing requirements. This cycle requires using a separate 
1/O to avoid bus contention. 


Late Write: \f W is brought low after CS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, trwp, tcwo and tawp, are not necessarily 
met. The state of date-out is indeterminate since the out- 
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate |/O to 
avoid bus contention. 


Data Output 

The KM41C4002 has a three-state output buffer which 
is controlled by CS. Whenever CS is high (Vin) the 
output is in the high impedance (Hi-Z) state. In any cy- 
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tciz after the falling edge of CS. Invalid data may be 
present at the output during the time after tcLz and 
before the valid data appears at the output. The timing 
parameters tcac, trac and tag specify when the valid 
data will be present at the output. The valid data remains 
at the output until CS returns high. This is true even if 
anew RAS cycle occurs (as in hidden refresh). Each of 
the KM41C4002 operating cycles is listed below after 
the corresponding output state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Static Column Mode Read, Staic Column Mode 
Read-Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Static 
Column Mode Write, CS-before-RAS Refresh, CS-only 
cycle. 

Indeterminate Output State: Delayed Write 
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DEVICE OPERATION (Continued) 


Refresh 

The data in the KM41C4002 is stored on a tiny capacitor 
within each memory cell. Due to leakage the data may 
leak off after a period of time. To maintain data integrity 
it is necessary to refresh each of the rows every 16 ms. 
There are several ways to accomplish this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CS remains high. This cycle must 
be repeated for each row. 


CS-before-RAS Refresh: The KM41C4002 has CS- 
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. !f CS is held low 
for the specified set up time (tcsr) before RAS goes 
low, the on-chip refresh circuitry is enabled. An internal 
refresh operation automatically occurs. The refresh ad- 
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CS active time and cycling RAS. The 
KM41C4002 hidden refresh cycle is actually a CS- 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 


Other Refresh Methods: St is also possible to refresh the 
KM41C4002 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. There are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CS- 
before-RAS refresh is the preferred method. 


Static Column Mode 

Static Column Mode allows high speed read, write or 
read-modity-write random access to all the memory cells 
within a selected row. Operation within a selected row 
is similar to a static RAM. The read, write or readmodify- 
write cycles may be mixed in any order. 


A Static Column mode read.cycle starts as a normal cy- 
cle. Additional cells within the selected row are written 
by applying a new column address while W=Vin and 
RAS=Vi.. 


A Static Column mode write cycle starts as a normal cy- 
cle. Additional cells within the selected row are written by 
applying a new column address while RAS=Vi_ and tog- 
giling either W or CS. The data is written into the cell 
trigered by the latter falling edge of W or CS. 


CS-before-RAS Refresh Counter Test 
Cycle 

A special timing sequence using the CS-before-RAS 
refresh counter test cycle provides a convenient method 
of verifying the functionality of the CS-before-RAS refresh 
activated circuitry. 


After the CS-before-RAS refresh operation, is CS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 


This is shown in the CS-before-RAS counter test cycle 
timing diagram. A memory cell can be addressed with 
11 row address bits and 11 column address bits defin- 
ed as follows: 


Row Address—Bits Ao through Ag are supplied by the 
on-chip refresh counter. The Ajo bit is set high in- 
ternally. 


Column ADdress—Bits Ao through A10 are strobed-in by 
the falling edge of CS as in a normal memory cycle. 


Suggested CS-before-RAS Counter Test 


Procedure 
The CS-before-RAS refresh counter test cycle timing is 
used in each of the following steps: 


1. Initialize the internal refresh counter by performing 
8 cycles. 

2. Write a test pattern of “lows” into the memory cells 
at a single column address and 1024 row address. 
(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycles, read the ‘‘lows”’ writ- 
ten during step 2 and write ‘‘highs’”’ into the same 
memory locations. Perform this step 512 times so 
that highs are written into the 512 memory cells. 

4. Read the “highs” written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


Power-up 

If RAS=Vsg during power-up, the KM41C4002 could 
begin an active cycle. This Condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. It is recommended that RAS and CS track 
with Vcc during power-up or be held at a valid Vin in 
order to minimize the power-up current. 


An initial pause of _200us is required after power-up 
followed by any 8 CS-before-RAS or RAS only refresh 
before proper device operation is achived. 
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PACKAGE DIMENSIONS 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.030 (0.76) 
MIN 
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0.050 (1.27) 0.015 (0.38) 0.026 (0.66) 
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0.050 (1.27) 
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4MxX1 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


e Performance range: 


ee Sa 


KM41C4000A- 7 7Ons 20ns 
KM41C4000A- 8 
KM41C4000A-10 













Fast Page Mode operation 

CAS-before-RAS refresh capability 

RAS-only and Hidden Refresh capability 

8-bit fast parallel test mode capability 

TTL compatible inputs and output 

Common I/O using Early Write 

Single +5V+10% power supply 

1024 cycles/16ms refresh 

JEDEC standard pinout 

Available in Plastic DIP, SOJ, ZIP, and TSOP (Il) 


FUNCTIONAL BLOCK DIAGRAM 


ae CONTROL & 
gee CLOCK 












Ao 


ROW DECODER 





ADDRESS BUFFERS 







REFRESH CONTROL & 
ADDRESS COUNTER 


COLUMN DECODER 
SENSE AMPS & I/O 


MEMORY ARRAY 
4,194,304 Cells 


GENERAL DESCRIPTION 


The Samsung KM41C4000A is a high speed CMOS 
4,194,304 bit X 1 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 


The KM41C4000A features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. 


CAS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only Refresh. All inputs 
and output are fully TTL compatible. 


The KM41C4000A is fabricated using Samsung's ad- 
vanced CMOS process. 














=—— Vcc 


Vss 
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PIN CONFIGURATION (top views) 


¢ KM41C4000AP * KM41C4000AJ ¢ KM41C4000AZ 





(DIP) 





¢ KM41C4000AT 





























(TSOP (II) -Forward Type) (TSOP (II)-Reverse Type) 
[ Pin Name Pin Function 
T Ao-A10 Address Inputs 
D | Data In 
Q Data Out 
W _|__ Read/Write Input 
RAS Row Address Strobe 
CAS Column Address Strobe 
| Vec Power (+5V) i 
Vss [ Ground Pp 
N.C. No connection 
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ABSOLUTE MAXIMUM RATINGS* 














[ee ee ee Aa A oe see ee A es = Sl 
Item Symbol Rating Unit 
Voltage on Any Pin Relative to Vss | Vin, Vout —1 to +7.0 Vv 
Voltage on Vcc Supply Relative to Vss | Voc ~1 to +7.0 V 
Storage Temperature Tstg —55 to +150 °C 
| Power Dissipation | Po | 600 | mw 
Short Circuit Output Current los 50 mA 














* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=O to 70°C) 

















































































Supply Voltage ; : 
Ground Vss 0 6) 0 V 
_ Input High Voltage Vin | 2.4 — Vect1 V 
Input Low Voltage : V 
DC AND OPERATING CHARACTERISTICS (0°C<Ta<70°C, Vec=5.0V+10%) 
(Recommended operating conditions unless otherwise noted) 
Parameter 
Operating Current* KM4iC40008, 8] lect in 
(RAS, CAS, Address Cycling @ trc=min) KM41C4000A-10 ma 85 ok 
Standby Current 
(RAS=CAS=Vin) Icc2 i ae 2 mA 
RAS-Only Refresh Current* BEG OU OR f ~ 108 ae 
(CAS=Vin, RAS Cycling @ trc=min.) KM41C4000A- 8 lecs _— 95 mA 
oY q KM41C4000A-10; — 85 | mA 
KM41C4000A- 7 _ 80 mA 
Fast P * 
q ' KM41C4000A-10 | — | 60 | ma 
Standby Current a 1 mA 
(RAS=CAS=W2Vcc-0.2V) oe 
a : ahd Eee L L 
CAS-Before-RAS Refresh Current* RMS Le aQ008s = 10 ae 
(RAS and CAS Cycling @ tac=min.) BETO ROUGE. O. “lees 7 eo.) Se 
; KM41C4000A-10 L ~ 85 mA 
Standby Current a BY | cag 
(RAS=Vin, CAS=Vi, Dout Enable) wee 
a —}- >} +} 
ie Input Leakage Current 
(Any input O<Vin<6.5V, lit -10 10 yA 
all other pins not under test=O volts) 
Output Leakage Current - 
(Data out is disabled, O<Vour<5.5V) lo Anite Ses. ||. BS 
Output High Voltage Level (lo4=—5mA) VoH 2.4 — L V 
Output Low Voltage Level (loL=4.2mA) VoL _ 0.4 V 














* Note: Icc1, Iccs3, Icc4a and Icce are dependent on output loading and cycle rates. Specified value are obtained 
with the output open. Icc is specified as average current. Icc1, Icc3, Icce, Address can be changed max- 
imum two times while RAS=Vi. Icca, Address can be changed maximum once while CAS=Vin. 
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CAPACITANCE (t4=25°c) 














Output Capacitance (Q) 


AC CHARACTERISTICS (0°c<ta<70°C, Vec=5.0V+10%, See notes 1,2) 





























































































































KM41C4000A-7 | KM41C4000A-8 | KM41C4000A-10 
Standard Operation Symbol Unit | Notes 
Min Max Min Max Min Max 
Random read or write cycle time | tro 130 150 180 ns 
Read-modify-write cycle time trwc 155 175 | 210 ns 
Access time from RAS trac 80 100 | ns |3,4,10 
Access time from CAS tcac__| 20 25| ns | 3,4,5 
Access time from column address taa 40 50] ns | 3,10 
CAS to output in Low-Z teLz 5 5 [38 tons | 3 
Output buffer turn-off delay torr 0 0 15; 0 20} ns 6 
Transition time (rise and fall) tr 3 3 50 3 50 | ns 2 
RAS precharge time | trp 50 60 70 ns 
| RAS pulse width tras 70 80 | 10,000 | 100; 10,000} ns 
RAS hold time tRSH 20 20 25 ns 
CAS hold time tCSH 70 80 100 ns 
CAS pulse width tcas_ | 20 20 | 10,000 | 25] 10,000! ns 
RAS to CAS delay time [ trop 20 20 60 | 25 75 | ns 4 
RAS to column address delay time tRaD 15 15 40} 20 | 50 |} ns 10 
CAS to RAS precharge time tcrP 5 5 1 10 | ns 
[ Row address set-up time tasR 0 0 | 0 | ns 
Row address hold time tRAH 10 10 15 ns 
Column address set-up time tasc 0 0 0 ns 
Column address hold time | tCAH | 15 15 20 |_ns 
| Column address hold referenced to RAS tar | 55 60 75 af OS.) |= Ate 
| Column Address to RAS lead time tRAL 35 40 __ | 50 ns 
| Read command set-up time *RCS 0 0 0 ns 
| Read command hold referenced to CAS tacH | 0 0 0 ns 8 
| Read command hold referenced to RAS t trrH | 0 0 | 0 ns | 8 
Write command hold time twcH 15 15 20 ns 
Write command hold referenced to RAS twcrR 55 60 75 ns 12 
Write command pulse width twp 15 15 20 ns | 
Write command to RAS lead time trw. | 20 20 | 25 ns 
Write command to CAS lead time towL 20 20 125 ns 
Data-in set-up time tps 0 0 0 ns 9 
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AC CHARACTERISTICS (continuea) 





KM41C4000A-7 | KM41C4000A-8 


KM41C4000A-10 

























































































Standard Operation Symbol | Notes 
Data-in hold time too 15 20 |. ns 9 
[Detain hold referenced to RAS toHR 60 75 ns | 12 
| Refresh period (1024 cycles) tREF 16 16 16} ms | 
sl command set-up time twcs O| 0 ns ! 7 
CAS to write enable delay towo 20 25 [ns | 7 | 
RAS to write enable delay tawo 80 100 ns 7 
Column address to W delay time tawpb 40 50 | ns 7 
CAS setup time (C-B-R refresh) tesr 10 | 10 ns 
| AS hold time (C-B-R refresh) tcHR 30 | | 30 | ns | 
RAS precharge to CAS hold time trec 10 10 | | ns | 
CAS precharge (C-B-R counter test) topT 40 | 50 ns 
Access time from CAS precharge tcPa 45 [ 45 | 55 j ns _3 
FAst Page mode cycie time tpc 50 60 ns 
CAS precharge time (Fast page mode) tcp 10 10 | ns 
RAS hold time from CAS precharge tRHcP 45 | 55 | ns 
Fast page modered-modify-write tpRwc TS aes 90 ns 
RAS pulse width (Fast page mode) trasP 200,000} 80 '200,000| 100 200,000 ns 
| Write command set-up time (Test mode in) | twrs_ | 10 | {10 | ns 
| Write command hold time (Test mode in) twWTH 10 10 ns | 
W to RAS precharge time (C-B-R refresh) | twap 10. 10 ns | 
W to RAS hold time (C-B-R refresh) twRH 10 10 ns 
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TEST MODE CYCLE (Note. 11) 
KM41C4000A-7 | KM41C4000A-8 | KM41C4000A-10 
Standard Operation Symbol Unit | Notes 
Min Max Min Max Min Max 

Random read or write cycle time tac {| 1385;) 165 185 {ns | 
Read-modify-write cycle time trwc 160 - 180 215 ns oy | 
Access time from RAS trac 75 85 105 | ns |3,4,10 

| Access time from CAS tcac 25 25 30 | ns | 3,4,5 
Access time from column address taa 40 45 55 | ns | 3,10 
RAS pulse width |_tRas 75 | 10,000 | 85, 10,000 | 105 | 10,000; ns | 
CAS pulse width tcas 25} 10,000] 25] 10,000/ 30 | 10,000 | ns 

| RAS hold time tasH 25 25 | 30 ns 
CAS hold time tcSH | 75 85 105 7 ns_| 
Column address to RAS lead timo tRAL 40 45 55 ns 
CAS to write enable delay tcwo 25 25 | 30 |_ns 7 
RAS to write enable delay tawo- 75 85; cl ns 7 
Column address to W delay time tawp_ Up. 40 45 | 55 ns 7 
Fast mode cycle time | tec | 55 | 55 65 __|_ns 

| Fast page mode read-modefy-write tpRWwC ,_ 80 _ | 80 95 ins 

| RAS pulse width (Fast page mode) trase_| 75 [200,000] 85 |200,000] 105 /200,000| ns |_| 
Access time from CAS precharge tcpa 50 50 60 | ns 3 


NOTES 


As 


An initial pause of 200us is required after power- 
up followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 

ViHiminy) and Vi_(max) are reference levels for measur- 
ing timing of input signals. Transition times are 
measured between Vinimin) and Vit(max), and are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads and 


100pF 

Operation within the trcpimax) limit insures that 
tRac(max) Can be met. trcpimax) is specified as a 
reference point only. If tacp is greater than the 
specified trcpimax) limit, then access time is con- 
trolled exclusively by tcac. 


. Assumes that tacp2trcp(max)- 


This parameter defines the time at which the out- 
put achieves the open circuit condition and is not 
refernced to Von or VoL. 


. twos, trwo, tcwo and tawp are non restrictive 


operating parameters. They are included in the data 
sheet as electrical characteristics only. If 


10. 


11. 
12. 








twcs2twcsimin) the cycle is an early write cycle and 
the data out pin will remain high impedance for the 
duration of the cycle. If tcwo2tcwpimin) and 
trwo2trwp(min) and tawp2tawpimin), then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tacy or taro must be satisfied for a read 


cycle. 


. These parameters are referenced to the CAS 


leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the tRap(max) limit insures that 
tRac(max) Can be met. trapimax) is specified as a 
reference point only. If trap is greater than the 
specified trapimax) limit, then access time is con- 
trolled by taa. 

These specifications are applied in the test mode. 
tar, twor, tbHR are refrerenced to trapimax). 
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TIMING DIAGRAMS 
READ CYCLE 
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WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 
tRWC 
eS tRas 
AAS Vin— tar 
Vit— 
trp 
tcre 
—— Vin — y } 
on Vit— tas tasc ' i 
tRAH f 
ane! -—— - 
Vin— Rg Row  NAKW COLUMN, NAUK KX KOKI KOKO 
. Vi vy XY ONO NNON, Oy OLY 
= Vv XARA YS 
w MH QO KRY 7 
tcac twe toFr 
t 
VoH— - ACXX) VALID 
- Vou OFEN Qe: DATA : 
trac tos toH 
Vin— (X KXXKKKKK KK KK KKK KKK KKK KOK KK) j VALID OxKKX WKXKK KKK KKK XN / 
2 ViL— NOONONN SMSO’, Y WY C vane KY 
FAST PAGE MODE READ CYCLE 
trRasP 
Ras Viq— taR truce 
L— 
tRSH sd 
: tcrP 
tas CAS aaa se 
es age —$x | | 
= a: a 
tasr Es tasc 
| | + be _| 
ViH— RY OS COL SLY VY KYA COL SAAR KO COL RIV VYVYY VY VY YY YY 
Aw EER 5 CY 585 POY RARE KKK KK RRL 
CPA 
= tcLz7ere — OA) 
a ae SEE ED are 000 UTD eS 
tacs teen tRRH 
tres tRCH 
> Vin— 0.00, 
w Viit— KY wo, 
ROX DON'T CARE 
Electronics 
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TIMING DIAGRAMS (continued) 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS 6 continued) 
FAST PAGE MODE READ-WRITE CYCLE 












































































































= tRAsP —| |-trp 
Poe VIH - 
RAS 
Vit - 
a tcsH ’ }--——tRsH ———j 
pRwc-—___—| 
tcAP taco -—|—-tcas tor [ice] Po toas 4 
| tcas——4 
a VIH - " 
CAS \\ // 
Vit - . Yy 
— tRAL = 
tasR | (RAH tase =z 4 tCaH pense la 
VIH - Y YY 09, YYVYVYVYY XXXYK 
wn POW 40 PRY) KOON Ow PERERA Ra 
tcwb tcwbd tcwD 
traD-—— ‘een 
t role tcowL ie 
t>-tawo-—] 
trcs on es t——tRwe+4 
= VIH - RAKARKAAAAKYY VW 
W OOO KAX KAA (XX? 
vn RY a 
twp twp twp 
= tRWD ee 
tos {oH re i tDH tos pH 
| 
VIH - mn) 
D YXKK KK KKK YK YY XX KS A / XXXKKXA ALIDN \/ YY XX) 
vs LA XXAXAN OOO SHS OXY Roar 
toiz ane torzp+-— 
= tcac tcac-——— Ba ee RI 
t+-—taa taa taa 
tRAc tcPa tcPA 
Von - EY) FX) x) 
lel torr oe Pe torr torr 


FBR oon cane 





77 


& SAMSUNG 


Electronics 


KM41C4000A CMOS DRAM 





TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, D, Aip= Don’t Care 
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CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address = Don’t Care 
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TIMING DIAGRAMS Continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (continued) © 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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TIMING DIAG RAMS (Continued) 


TEST MODE IN CYCLE 
NOTE: D, Address= Don’t Care 





= os Vin— 
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Vit— trec 
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fs a | CHR 

= ViH— 
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ViL— 
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Vit— Ms WX 
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TEST MODE DESCRIPTION 


The KM41C4000A is the RAM organized 4,194,304 
words by 1 bit, it is internally organized 524,288 words 
by 8 bits. In “Test Mode’, data are written into 8 sec- 
tors in parallel and retrieved the same way. A1or. Aioc 
and Aoc are not used. If, upon reading, all bits are equal 
(all ““1’’s or “‘O’'s), the data output pin indicates a “1”. 
If any of the bits diftered, the data output pin would in- 


RXYAXELIM 
BROOK RKRKXXXANN) 


K ni! 


tre 


tras trp 


XXX ANY 
wane 


(x 


REAR AO 
AY ARRIERRRARY XXXXAN? BAKA WAXD XY 


XXX 


OPEN 


XX] con't care 


dicate a ‘‘O” In “Test Mode’, the 4M DRAM can be tested 
as if it were a 512K DRAM. W, CAS Before RAS Cycle 
(Test Mode in Cycle) puts the device into “Test Mode”. 
And ‘“‘CAS Before RAS Refresh Cycle” or “RAS only 
Refresh Cycle” puts it back into ‘““Normal Mode’. The 
“Test Mode’”’ function reduces test time (1/8 in cases 
of N test pattern). 
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DEVICE OPERATION 


Device Operation 

The KM41C4000A contains 4,194,304 memory loca- 
tions. Twenty-two address bits are required to address 
a particular memory location. Since the KM41C4000A 
has only 11 address input pins, time multiplexed address- 
ing is used to input 11 row and 11 column addresses. 
The multiplexing is controlled by the timing relationship 
between the row address strobe (RAS), the column ad- 
dress strobe (CAS) and the valid row and column address 
inputs. 


Operating of the KM41C4000A begins by strobing in 
a valid row address with RAS while CAS remains high. 
Then the address on the 11 address input pins is chang- 
ed from a row address to a column address and is strobed 
in by CAS. This is the beginning of any KM41C4000A 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The cy- 
cle is terminated when both RAS and CAS have return- 
ed to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (trp) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tap, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM41C4000A begin a complex sequence of events. If 
the sequence if broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. If CAS goes low 
before trcp(max), the access time to valid data is 
specified by trac. If CAS goes low after tacp(max), the 
access time is measured from CAS and is specified by 
tcac. In order to achieve the minimum access time, 
trac(min), it is necessary to bring CAS low before 
tacp(max). 


Write 

The KM41C4000A can perform early write, late write 
and read-modify-write cycles. The difference between 
these cycles is in the state of data-out and is determin- 
ed by the timing relationship between W and CAS. In any 


type of write cycle, Date-in must be valid at or before 
the falling edge of W or CAS, whichever is later. 


Early Write: An early | write cycle is performed by bring- 

ing W low before CAS. The data at the data input pin(D) 
iS written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common I/O applications because 
the data-in and data-out pins may be tied together without 
bus contention. 


Read-Modify-Write: \n this cycle, valid data from the ad- 
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca- 
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write cycle tim- 
ing requirements. This cycle requires using a separate 
1/O to avoid bus contention. 


Late Write: \f W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, trwop, tcwp and tawp, are not necessarily 
met. The state of date-out is indeterminate since the out- 
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate I/O to 
avoid bus contention. 


Data Output 

The KM41C4000A has a three-state output buffer which 
which is controlled by CAS. Whenever CAS is high (Vin) 
the output is ‘n the high impedance (Hi-Z) state. In any cy- 
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tciz after the falling edge of CAS. Invalid data may be 
present at the output during the time after tc.z and 
before the valid data appears at the output. The timing 
parameters tcac, trac and taa specify when the valid 
data will be present at tl the output. The valid data remains 
at the output until CAS returns high. This is true even if 
anew RAS cycle occurs (as in hidden refresh). Each of 
the KM41C4000A operating cycles is listed below after 
the corresponding output state produced by the cycle. 


Valid. Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 


Page Mode Write, CAS-before-RAS Refresh, CAS-only 
cycle. 


Indeterminate Output State: Delayed Write 
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DEVICE OPERATION (continued) 


Refresh 

The data in the KM41C4000A is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
16 ms. There are several ways to accomplish this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 


CAS-before-RAS Refresh: The KM41C4000A has CAS- 
before-RAS on-chip refreshing capability that eliminates 
the need for external refresh addresses. If CAS is held 
low for the specified set up time (tcsr) before RAS goes 
low, the on-chip refresh circuity is enabled. An internal 
refresh operation automatically occurs. The refresh ad- 
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CAS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM41C4000A hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 


Other Refresh Methods: itis also possible to refresh the 
KM41C4000A by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. These are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


Fast Page Mode 

The KM41C4000A has Fast Page mode capability. Fast 
Page mode memory cycles provide faster access and 
lower power dissipation than normal memory cycles. In 
Fast Page mode, it is possible to perform read, write or 
read-modify-write cycles. As long as the applicable tim- 
ing requirements are observed, it is possible to mix these 
cycles in any order. A Fast Page mode cycle begins with 
anormal cycle. Then, while RAS is kept low to maintain 
the row address, CAS is cycled to strobe in additional 
column addresses. This eliminates the time required to 
set up and strobe sequential row address for the same 
page. Up to 2048 memory cells can be accessed with 
the same row address. 


CAS-Before-RAS Refresh Counter 
Test Cycle 


A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of veri- 
fying the functionality of the CAS-before-RAS refresh ac- 
tivated circuitry. 


After the CAS-before-RAS refresh operation, if CAS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 


This is shown in the CAS-before-RAS counter test cy- 
cle timing diagram. A memory cell can be addressed with 
11 row address bits and 11 column address bits defin- 
ed as follows: 


Row Address—Bits Ao through Ag are supplied by the 
on-chip refresh counter. This Aio bit is set high in- 
ternally. 


Column Address—Bits Ao through Aio are strobedin by 
the falling edge of CAS as in a normal memory cycle. 


Suggested CAS-Before-RAS Counter Test 


Procedure 
The CAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 


1. Initialize the internal refresh counter by performing 
8 CAS-before-RAS cycles. 

2. Write a test pattern of “lows” into the memory cells 
at a single column address and 1024 row addresses. 
(The row addresses are supplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the “lows” writ- 
ten during step 2 and write “highs” into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

4. Read the “highs” written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


Power-up 

If RAS=Vsgg during power-up, the KM41C4000A could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. It is recommended that RAS and CAS track 
with Vcc during power-up or be held at a valid VIH in 
order to minimize the power-up current. 


An initial pause of 200us is required after power-up 
followed by any 8 CBR or ROR cycles before proper 
device operation is achieved. 
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PACKAGE DIMENSIONS 
18-LEAD PLASTIC DUAL IN-LINE PACKAGE Units: Inches (Millimeters) 
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PACKAGE DIMENSIONS (continued) 
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE Units: Inches (millimeters) 
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4MxX1 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES GENERAL DESCRIPTION 


e Performance range: The Samsung KM41C4000OAL is a high speed CMOS 
4,194,304 bit Xx 1 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 











KM41C40Q00AL- 7 such as mainframes and mini computers, graphics and 
KM41C4000AL. 8 56ns | 150ns high performance microprocessor systems. 
KM41C4000AL-10 The KM41C4000AL features Fast Page Mode operation 
which allows high speed random access of memory cells 
* Fast Page Mode operation within the same row. 
¢ CAS-before-RAS refresh capability 
¢ RAS-only and Hidden Refresh capability CAS-before-RAS refresh capability provides on-chip auto 
© 8-bit fast parallel test mode capability refresh as an alternative to RAS-only Refresh. All inputs 
¢ TTL compatible inputs and output and output are fully TTL compatible. 
¢ Common 1/0 using Early Write 
¢ Single +5V+10% power supply The KM41C4000AL is fabricated using Samsung’s ad- 
e 1024 cycles/128ms refresh vanced CMOS process. 


Low power dissipation 

—Standby: 1.14mW 

—<Active (70/80/100ns): 578/523/468mW 

e JEDEC standard pinout 

* Available in plastic DIP, SOu, ZIP, and TSOP (II) 


FUNCTIONAL BLOCK DIAGRAM 
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CRE CONTROL & 
ie CLOCK D 
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REFRESH CONTROL & 
ADDRESS COUNTER 
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PIN CONFIGURATION (top views) 


¢ KM41C4000ALP © KM41C4000ALJ ¢ KM41C4000ALZ 





(DIP) 


¢ KM41C4000ALT 















































(TSOP (I1)-Forward Type) (TSOP (I[)-Reverse Type) 
ig Pin Name Pin Function 
| Ao-Aio [__Address Inputs 
D Data In 
Q Data Out 
Ww Read/Write Input | 
RAS | Row Address Strobe 
CAS | Column Address Strobe i 
| = Veco ~3~™——~—s«&Power (+5V) _ 
‘a Was Ground ; 
- N.C. No connection _ 
Pt) 
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ABSOLUTE MAXIMUM RATINGS* 





























Voltage on Any Pin Relative to Vss Vin, Vout -—1 to +7.0 ; Vv 
Voltage on Vcc Supply Relative to Vss | Vcc —1 to +7.0 V 
Storage Temperature Tstg —55 to +150 °C 
{| Power Dissipation Po 600 mw 
Short Circuit Output Current los 50 mA 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (voltage reference to Vss, Ta=0 to 70°C) 







Supply Voltage 

































Ground Vss 0 Vv 
Input High Voltage Vin 2.4 — | Vect1 Vv | 
Input Low Voltage : V 


DC AND OPERATING CHARACTERISTICS (o°c<ta<70°c, Vec=5.0V+10%) 


(Recommended operating conditions unless otherwise noted) 

















Parameter 


KM41C4000AL- 7 
KM41C4000AL- 8 Icc1 _ 95 
KM41C4000AL-10 


Operating Current* 
(RAS, CAS, Address Cycling @ tac=min) 





| Standby Current (RAS=CAS=Vin) 





KM41C4000AL- 7 _— 105 mA 
KM41C4000AL- 8 Ioc3 = 95 mA 
KM41C4000AL-10 _ 85 mA 


KM41C4000AL- 7 _ 80 mA 
KM41C4000AL- 8 loc4 —_ 70 mA 
KM41C4000AL-10 = 60 mA 





RAS-Only Refresh Current* 
(CAS=Vin, RAS Cycling @ trc=min.) 





Fast Page Mode Current* 
(RAS=Vi_, CAS Cycling @ tpc=min.) 























Standby Current (RAS=CAS=W2Vcc—0.2V) locs — 200 uA 

CAS-Before-RAS Refresh Current* id ce boeAL : ios _ oae La 

(RAS and CAS Cycling @ trac=min.) KM41C4000AL-10 | x 85 nik 
| Battery Back Up Current Average Power Supply Current, | 

Battery Back Up Mode, Input High Voltage (Vin)=Vcc-0.2V loc7 _ 300 pA 


Input Low Voltage (ViL)=0.2V CAS=CAS Before RAS Cycling or 
0.2V Din=Don't Care Tro=125uS, Tras=tras min.~1 pS 


Standby Current (RAS=Vin, CAS=Vi, Dout Enable) Iocs = i 5 mA 


Input Leakage Current 
(Any input O<Vin<6.5V, all other pins not under test=O voits) 


Output Leakage Current (Data out is disabled, O<VoutT<5.5V) 
Output High Voltage Level (loy=—5mA) 
Output Low Voltage Level (loL=4.2mA) 



















































*Note: Icc1, Icc3, lcca and Icce are dependent on output loading and cycle rates. Specified value are obtained with 
the output open. Icc is specified as average current. Icc1, Iccs, Icce, Address can be changed maximum 
two times while RAS=ViL. Icca, Address can be changed maximum once while CAS=Vix. 
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CAPACITANCE (t,4=25°c) 


Input Capacitance (Ao-A1o, D) 





Input Capacitance (RAS, CAS, W) 
Output Capacitance (Q) 











AC CHARACTERISTICS (o°c<ta<70°C, Vec=5.0V+10%, See notes 1,2) 


















































































































KM41C4000AL-7 | KM41C4000AL-8 |KM41C4000AL-10 
Standard Operation Symbol : Unit | Notes 
Min Max Min Max Min Max 
Random read or write cycle time tro 130 150 180 ns 
Read-modify-write cycle time trwc 155 175 210 ns 
Access time from RAS tRAC 70 80 100 | ns |3,4,10 
Access time from CAS tcac 20 20 25| ns | 3,4,5 
Access time from column address tna 35 40 | 50] ns | 3,70 
CAS to output in Low-Z | terz | 5 5 5 ns 3 
| Output buffer turn-off delay toFF 0 15 0 15 0 20] ns 6 
| Transition time (rise and fall) tr 3 3 50| 3 50| ns | 2 | 
RAS precharge time trP 60 
RAS pulse width tras | 70] 10,000] 80] 10,000 
RAS hold time tasy_ | 20| ‘| 20] 25 ns 
CAS hold time tcsy_ | 70| ‘| 80 
CAS pulse width | teas | 20] 10,000 | 20] 10,000} 25{ 10,000 \ 
RAS to CAS delay time trop 20 50} 20 60 | 25 75 | ns 4 
‘| RAS to column address delay time trap 15 35 | 15 40| 20 | 50 | ns 10 
CAS to RAS precharge time tcrP 5 5 10 ns_| 
Row address set-up time tasr [ 0 0 0 ns | 
Row address hold time tRaH_ | 10 10 15 ns 
Column address set-up time | tasc 0 0 0 ns 
Column address hold time tcaH 15 15 20 | ns 
Column address hold referenced to RAS | tar 55 60 | 75 }_ns 12 
Column Address to RAS lead time tral | 35 40 50 ns 
Read command set-up time tRos 0 0 0 ns 
Read command hold referenced to CAS tRCH 0 0 0 [ ns 8 
Read: command hold referenced to RAS tRRH | 0 0 | 0 ns 8 
Write command hold time eee twcH | 15 15 20 | ns 
Write command hold referenced to RAS twcrR 55 60 75 ns 12 
Write command pulse width . twp | 18 15 20 ns 
Write command to RAS lead time tRWL 20 20 | 25 |_ns 
Write command to CAS lead time tow. | 20 20 25 ns 
Data-in set-up time tos 0 0 0 ns 9 
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AC CHARACTERISTICS (Continued) 



























































































KM41C4000AL-7 | KM41C4000AL-8 |KM41C4000AL-10 
Standard Operation Unit | Notes 
Data-in hold time toH 15 20 ns 
Data-in hold referenced to RAS toHR 60 75 ns 12 
Refresh period (1024 cycles) tREF 128 128 128) ms 
Write command set-up time | _twes 0 0 ns t 7 
CAS to write enable delay tcwo 20 25 ns 7 
RAS to write enable delay trwo 80 100 ns 7 
Column address to W delay time tawp 40 50 | | ns 7 
CAS setup time (C-B-R refresh) tcsR 10 10 ns 
CAS hold time (C-B-R refresh) tcHR 30 30 | ons 
RAS precharge to CAS hold time trec 10 10 ns 
CAS precharge (C-B-R counter test) top 40 | 50 | ns 
Access time from CAS precharge tcpa 45 45 [ 55 | ns | 3 
‘Fast Page mode cycle time tpc 50 60 ns 
| CAS precharge time (Fast page mode) tcp 10 10 ns 
| RAS hold time from CAS precharge tRHCP 45 55 | ns 
| Fast page modered-modify-write tprwce | 75 75 90 ns 
| RAS pulse width (Fast page mode) trasp_| 70 | 200,000 | 80 | 200,000 | 100 | 200,000 | ns 
| Write command set-up time (Test mode in) |_twts 10 | _10 ns 
| Write command hold time (Test mode in) twTH 10 10 10 _ ns 
W to RAS precharge time (C-B-R refresh) | twrap 10 10 10 ns 
W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns 
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TEST MODE CYCLE (Note. 11) 
KM41C4000AL-7 | KM41C4000AL-8 |KM41C4000AL-10 
Standard Operation Symbol ——- t Unit | Notes 
Min Max Min Max 
Random read or write cycle time 
Read-modify-write cycle time tRwc 
Access time from RAS trac | 75 85 105 | ns |3,4,10 
Access time from CAS tcac | 25 25 | 30 | ns | 3,4,5 
Access time from column address taa 40 45 55 | ns | 3,10 
RAS pulse width tras | 75 | 10,000! 85; 10,000) 105] 10,000] ns 
CAS pulse width - tcas 25 inion! 25 | 10,000 | 30 10,000! ns | 
RAS hold time tRSH 25 25 30 ns | 
CAS hold time tosH_|_75 85 | 106 |_ns 
Column address to RAS lead time tra. | 40 45 55 ns 
CAS to write enable delay tcwo | 25 25 30 [ns [ 7 
RAS to write enable delay eyes 75 | 85 105 ns 
Column address to W delay time tawp | a0 45 55 | ns | 7 
Fast mode cycle time tpc 55 _| 55] 65 . |_ns 
| Fast page mode read-modefy-write tpRwc 80 L 80} 95 nso} 
RAS pulse width (Fast page mode) trasp_ | 75 ) | 85 200,000 | 105 | 200,000 | ns 
Access time from CAS precharge 50 | 














NOTES 


1. 


An initial pause of 200us is required after power- 
up followed by and 8 CBR or ROR cycles before 
proper device operation is achieved. 

ViH(min) and Vit(max) are reference levels for measur- 
ing timing of input signals. Transition times are 
measured between ViH(min) and Vit(max), and are 
assumed to be 5ns for all inputs. 

Measured with a load equivalent to 2 TTL loads and 
100pF 

Operation within the trcpimax) limit insures that 
trRac(max) Can be met. trcp(max) is specified as a 
reference point only. If tacp is greater than the 
specified trcpimax) limit, then access time is con- 
trolled exclusively by tcac. 

Assumes that trcp>tRcpimax)- 

This parameter defines the time at which the out- 
put achieves the open circuit condition and is not 
refernced to Von or Vot. 

twcs, trwo, tcwp and tawp are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 





10. 


11. 
12. 























twcs2twcsgimin) the cycle is an early write cycle and 
the data out pin will remain high impedance for the 
duration of the cycle. If tcwpo2tcwopmin) and 
tawo2trwo(min) and tawp2tawp(miny, then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either trou or tary must be satisfied for a read 


cycle. 


. These parameters are referenced to the CAS 


leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trapimax) limit insures that 
tRACc(max) Can be met. tRapimax) is specified as a 
reference point only. If trap is greater than the 
specified trapimax) limit, then access time is con- 
trolled by taa. 

These specifications are applied in the test mode. 
tar, twor, toHR are refrerenced to trapimax). 
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TIMING DIAGRAMS 





















































READ CYCLE 
bone. tro 
Len tRas 
RAS Vin— bao: tar 
Vit— 
a tcsH 
— taco tRSH 
: : cas 
2s Vin— 
rae Vir— lm —_tRAD KN 
tRaH tasc mae 
tasR—w wa 
Vin~ QR ROW ERAT COLUMN, AKON 
nA OK acomess PRM _a00K2 ss PRON OA RR ARAM 
tros 
— Vin— \/ XX XXX KNX XKXX cee 
u Vie — RY tan 
~— tRac 
jr =telz 
Q Vor OPEN 
VoL— 


WRITE CYCLE (EARLY WRITE) 





(x 


tRRH 





aan 


{RCH 
; KK XX K KX KX KX 
RLY 









torr 


















































































































tre 
t 
RAS ihe tar 7 
t tcsH tre 
trcD tRSH tcrp 
mete: Vip— tcas 
sie ViL— * \ /_/ 
tRAD — 
tasr tRAH tasc {CAH 

Vin— AXX) ROW (XX) COLUMN XA XAKKA KAKA AK K XK KKK KY 

? Vit— YY { aovaves 90,7 { sooness RLY YX Oy 
T 
twos = 
ot Vin SYKYKK KK KKK) twe (XX XXX XXX XXX MXKXXKKKKKKKKKKK KX 
m Vi— RQ RL LO OOS RRO OVO 
twcr 

Vv IH#— XXKXKKKKXKK KKK KKK) (XXX XXX KKKXKKY x @, ry XXX KK KOK 

° Vin QR RK HI 
-_——__—_—— 

Q nO OPEN 

VoL— 


BX] oon CARE 





& SAMSUNG 


Electronics 


92 


KM41C4000AL CMOS DRAM 





TIMING DIAGRAMS (Continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 


D 
> 
ey) 


S| 


tRwc 











tras 
ViH— tar 


Vite 
ee tcSH tRp— 
tRSH tcrp 
Vine . tcas . , 
a a ‘aS, 
Vit— i tasr” t i C 
el 





















Vin— 


yc pe -— : ——s 
Vn BR anoness ROK Kaos IRR RR RAR RK 






































UK YX Y, 

Vi OO ORY 

ViL— AX 
~ tcac twp _— torr 
tL. tcLz 

VoH— OO) VALID 

vou ee Qe he 

tRAC tos tpH 


ViH— XX 


MV YY VYYVYYYY 
Von RRR KK OES RK KY Coat PR ee CI 


iS 


DDL. Libr 


FAST PAGE MODE READ CYCLE 


D 
> 
n 


S| 


trasP 





t 
ViH— AR 


Vit— 





tcas 
ViH— 


tcAH 
tasr as Ly | 
cat reo CED NNN. OXY OOK XY COL 


i eI a 7 ADD ROY ADD RX OY Nass Mine XK 


tcPpa 
tcac 


taa torr 


EM 
1\/\/\ 
tacs tRRH 
tRCH 








“as 





Vin— 
Vit— 





trcs tRCH 


Viq— 
Vit— 


KR DON'T CARE 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 








aoa! Vi — trasp — 
RAS vy 

; ames tcsH tee , ee | —e- tasH—=— 

CRP cP 

t—-—— treo- (eee 
tca: t 
_ Vue CAS CAS 
CAS 
i i 























| 
t _ 
i tar { tasc tasc tRAL iz 
tasR tRaH ; tasc tcaH tCAH tcaH 


Vin— KN ROW (XX) COL (XX) COL (XX) COL CKAX AAA AAA AAA? 
» —m OX 88 KX. | 88 YAN 88 ON (585A 





Go 


t—— trad 





twcH 
| es twer twcs “———_ twos twcH 
twcs twcH | San 








wneseveane |_| twe——4 twp 
Vie XXAAKARKA ARRAY twe 99, 4 YY 
vie RAN ARN | AYN AX XXN 


























Ww 
tos |_'OH tos tow | tos Iss tbH 
Vin RYYYARIYYYY (YY x) AK AAAKAAAAAAAA 
0 van BONIS NIK va earn JROUH vao bara ROSY vaio DATA MIR ANN 
toHR — 
Q Ko OPEN 
Vot— 





Naor DON’T CARE 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE READ-WRITE CYCLE 






















































































a trasp — {trp 
ae VIH - 
RAS 
Vic 
= tcsH - }———trRSH 
tpRWC — 
tore) | tren —_~1 tas top ge ee] 
| tcaS-—| 
ois VIH - ify 
Vit - \ / /} 
+—1— tCPN | | 
{| | _trar——_4—1 | 
ee [ trad tasc tasc | | tcan asc tcaH 
Vin - V7 Y) AKAAKWVV VV VV 
A > x» AY) (cot A00 OX KK XXX KAKA) 
wi RRO AEE DARK, 208-400 WRX cor noe DER cot x00 RRNA ARA NK 
tewo | tcwo towo | | 
t—~— tRAD 4 re b+ 
tow. | tow 
t [~~ tawo | tawb ytowL| be —-tAWD —m4 
RCS “| t~—tRWL +4 
ae ViH - FAK AKAAKKAATG VW 
W OXXAXKAX XK) AW? 
vn OY Oe 
twp Tal tae! 
ne tRwD ‘anned 
tos 'OH eee LLL tox tos-——|- beds 
| 
ViH - 
. YXKK KK KKK KKK XK XRVAVALIOIYAY KX XK XK NAALIOW YX XK XK XXXWVALIO 
ve RARAXNOKAAXX AAI DATARS OOU VAAN aad KK XXX 
— toiz toz terzb- — 
tcac tcac-- ——tcac +— 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, D, Aio= Don’t Care 


tro 











tras 
RAS Vin— 
Vit— 
tasr tRA RP 
A VIH _ XXX VA/ YYXX XY a OXXKK KK KKK KKKKK KK KKK XXXKXXKKXKKKK KKK) 
Vr RRR ow aooress HMR RR NOR 


Vit— 
tcrP trpc 


VoH— 
Vo_t— 





OPEN 





CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address = Don’t Care 


















tRc 
trp 
RAS ca tras 
trRec 
tcp tcsr tRPC 
CHS ViH— RYY 0% YY TTT 
Vvit— AX XxX OAK XXXXXAD 
twrp twRH 
a Vie- YW VVV7 EAAAKARKAAAAAARAAAAKAA AIA AV 
W vn RY KR KR KKK KKK RXR 
torr 
Q eo A OPEN 
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TIMING DIAGRAMS continued) 
HIDDEN REFRESH CYCLE (READ) 



































= trc..- —_— 
- tRAS <| be trp = tRas 
RES Vip 
: Vit— 
tcrP hee tRSH | tcHR 
on 
t-—-— tRAD za | “ | 
= tar! 
tise {RAH tasc tCAH | 
ViH— AW/YY VY YYVVV KAAAAAAAMAAAAAA AAA AAAA AANA 
; vn AXXO Abts RYN, RObRES HRN KKK RRR KOO 














trcs tRRH twap wre 
aes ViH— VV YV/AVYVJVYVV¥Y V/V/V RAA,S/\AA/YVA/SV YY YWV VY YV VY 
Ww Van RO | o ORR 


1 
taa 
torr 
[- tRac—- b+-—| 


VoH— K/V) 
: 2 a 


tcLz 


HIDDEN REFRESH CYCLE (WRITE) 







































































is tRAs : —| = trap a —_ tras | 
ws ‘a rn es rn es A 
IL— | 
tore poo eer ue — tcHR : oe ea 
eset Vin 
CAS Gis. 
| ‘ tag 
| | — trap——} ++ trac 1 
thse PBA tasc les tCAH | 
Vin— AASV W A/\/ MAMWAAAAA,AAAAAAAAAAAAAAAA//YLAAS/V/, 
* ae SAN atntss AIK. ASGREES DORR NR RNR RI Ri 
—— twee | 
Pest tome | 
ee ViH— MAVYYVYYAAVVVYV/Y = VY YV¥ KAVVVVYVYVWVWVWVVYVYVWV¥V®V¥V¥VVV ¥ 
WV IMODOSOOONE [| AY SHO RKOANKKO COON 
Vih—~ AAAA/AVVYAAAAAAY VYVVYYAAAY’Y¥YJ AAA AAA VYVYYWW®#YYWYW¥YW 
vi AKRON Vato nara DORR RRR RRR RRR RRR KR OOORK KR 
ees tbHR 
VoH— 
Q Wai PEN 
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TIMING DIAGRAMS (continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
















































































































tap 
= tRAS == 
RAS Vin— tRSH — 
Vit— 
tcsr aa 
ae 
GAS Vip— 
ae a tcaH 
ViH— DITTO OAAKALY AAA A OKAAAITIAAKEATIAAER ARTIS 
A Vie RXR KR RK KEKE ADDRESS DARK RRR 
tcac-—-| 
READ CYCLE tRAL —4—— 
taa +4 be— tOFF —| 
ViH— A 
Q ie OPEN RY VALID DATA ' 
twrpe twRH taGs toLz tRRH 
far Vin— YOAAAA IIA RYXNY 
: a RORY OY NK 
WRITE CYCLE 
VoH—- ee ooo 
Q eee OPEN 
} tRWL — 
twrp twRH | 7 a ne | 
twcs WCH 
~~ Vin— YOWSVV9 CXKKAAAN) AKA AA AAAI 
w vine OORXKXY KR a KR K EY 
] tos tpH 
Vin— SPTRAPAAWYV AAAAAAAAD KK RAR 
: Te RRR RRR KL__—_VALID DATA BRR ROK 
READ-WRITE CYCLE . tcac——] 
CLz 
: t——torr 
Vou— XA) 
twre| | twRH lakes L-tom— 
I = tRWL 
Vin— YYYYAG RY YX YYVVYVY OXKK KYY VY KY YVY 
w Vin RY OOK tos ORO REKY 
t—~— tcwod sald 
Vin— POV VV VV OAAAAAAAAAAA AAA AAAAAY OA VIAN: 
D Van RK KR RR IAM VALID DATA ER RR RRR 
| tos | tDH 
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TIMING DIAGRAMS 6 continueg) 


TEST MODE IN CYCLE 
NOTE: D, Address= Don’t care 





















RAS 
ae Viq— 
Vit— 
twTs 

= Vip— (XX XXKK XXX } 
vn RRR 
Q VoH— 

Vot— 


TEST MODE DESCRIPTION 


The KM41C4000AL is the RAM organized 4,194,304 
words by 1 bit, it is internally organized 524,288 words 
by 8 bits. In ‘‘Test Mode”, data are written into 8 sec- 
tors in parallel and retrieved the same way. Aior. Aioc 
and Aoc are not used. If, upon reading, all bits are equal 
(all ‘1's or “O”s), the data output pin indicates a “1”. 
If any of the bits differed the data output pin would in- 
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OY RY 
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OXKKK YY RRNA ENYA RANK HAR? 





















OCUNINUSNECONTHTTNNEOOONUH UNE 
a elalatatalatalateletatoracarararecereroerenanirore 





OPEN 


OXY DON’T CARE 


dicate a “0” In “Test Mode”, the 4M DRAM can be tested 
as if it were a 512K DRAM. W, CAS-Before RAS-Cycle 
(Test Mode in Cycle) puts the device into “Test Mode”. 
And “CAS-Before-RAS Refresh Cycle” or “RAS only 
Refresh Cycle” puts it back into ‘‘Normal Mode’. The 
“Test Mode” function reduces. test time (1/8 in cases 
of N test pattern). 
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DEVICE OPERATION 


Device Operation 

The KM41C4000AL contains 4,194,304 memory loca- 
tions. Twenty-two address bits are required to address 
a particular memory location. Since the KM41C4000AL 
has only 11 address input pins, time multiplexed address- 
ing is used to input 11 row and 11 column addresses. 
The multiplexing is controlled by the timing relationship 
between the row address strobe (RAS), the column ad- 
dress strobe (CAS) and the valid row and column address 
inputs. 


Operating of the KM41C4000AL begins by strobing in 
a valid row address with RAS while CAS remains high. 
Then the address on the 11 address input pins is chang- 
ed from a row address to a column address and is strobed 
in by CAS. This is the beginning of any KM41C4000AL 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The cy- 
cle is terminated when both RAS and CAS have return- 
ed to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (tre) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle.is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tre, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM41C4000AL begin a complex sequence of events. 
If the sequence if broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 

Aread cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. If CAS goes low 
before taco(max), the access time to valid data is 
specified by trac. If CAS goes low after tacp(max), the 
access time is measured from CAS and is specified by 
tcac. In order to achieve the minimum access time, 
trac(min), it is necessary to bring CAS low before 
trcp(max). 


Write 

The KM41C4000AL can perform early write, late write 
and read-modify-write cycles. The difference between 
these cycles is in the state of data-out and is determin- 
ed by the timing relationship between W and CAS. In any 
type of write cycle, Date-in must be valid at or before 
the falling edge of W or CAS, whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common I/O applications because 
the data-in and data-out pins may be tied together without 
bus contention. 


Read-Modify-Write: |n this cycle, valid data from the ad- 
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca- 
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write cycle tim- 
ing requirements. This cycle requires using a separate 
1/0 to avoid bus contention. 


Late Write: |f W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, trwp, tcwo and tawc, are not necessarily 
met. The state of date-out is indeterminate since the out- 
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate I/O to 
avoid bus contention. 


Data Output 

The KM41C4000AL has a three-state output: buffer which 
is controlled by CAS. Whenever CAS is high (Vin) the 
output is in the high impedance (Hi-Z) state. In any cy- 
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tcuz after the falling edge of CAS. Invalid data may be 
present at the output during the time after tcLz and 
before the valid data appears at the output. The timing 
parameters tcac, trac and taa specify when the valid 
data will be present at the output. The valid data remains 
at the output until CAS returns high. This is true even if 
anew RAS cycle occurs (as in hidden refresh). Each of 
the KM41C4000AL operating cycles is listed below after 
the corresponding output state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-before-RAS Refresh, CAS-only 
cycle. 


Indeterminate Output State: Delayed Write 


Refresh 

The data in the KM41C4000AL is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
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DEVICE OPERATION (Continued) 


128 ms. There are several ways to accomplish this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 


CAS-before-RAS Refresh: The KM41C4000AL has CAS- 
before-RAS on-chip refreshing capability that eliminates 
the need for external refresh addresses. If CAS is held 
low for the specified set up time (tcsr) before RAS goes 
low, the on-chip refresh circuity is enabled. An internal 
refresh operation automatically occurs. The refresh ad- 
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CAS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM41C4000AL hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
KM41C4000AL by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. These are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


Fast Page Mode 

The KM41C4000AL has Fast Page mode capability. Fast 
Page mode memory cycles provide faster access and 
lower power dissipation than normal memory cycies. In 
Fast Page mode, it is possible to perform read, write or 
read-modify-write cycles. As long as the applicable tim- 
ing requirements are observed, it is possible to mix these 
cycles in any order. A Fast Page mode cycle begins with 
anormal cycle. Then, while RAS is kept low to maintain 
the row address, CAS is cycled to strobe in additional 
column addresses. This eliminates the time required to 
set up and strobe sequential row address for the same 
page. Up to 2048 memory cells can be accessed with 
the same row address. 


CAS-Before-RAS Refresh Counter 
Test Cycle 


A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of veri- 


fying the functionality of the CAS-before-RAS refresh ac- 
tivated circuitry. 


After the CAS-before-RAS refresh operation, if CAS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 


This is shown in the CAS-before-RAS counter test cy- 
cle timing diagram. A memory cell can be addressed with 
11 row address bits and 11 column address bits defin- 
ed as follows: 


Row Address—Bits Ao through Ag are supplied by the 
on-chip refresh counter. This Aio bit is set high in- 
ternally. 


Column Address—Bits Ao through A1o are strobedin by 
the falling edge of CAS as in a normal memory cycle. 


Suggested CAS-Before-RAS Counter Test 


Procedure 
The CAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 


1. Initialize the internal refresh counter by performing 
8 CAS-before-RAS cycles. 

2. Write a test pattern of ‘‘lows” ir +o the memory cells 
at a single column address ar:. 1024 row addresses. 
(The row addresses are supplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the “lows” writ- 
ten during step 2 and write “highs” into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

4. Read the “highs” written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


Power-up 

If RAS=Vgss during power-up, the KM41C4000AL could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. It is recommended that RAS and CAS track 
with Vcc during power-up or be held at a valid VIH in 
order to minimize the power-up current. 


An initial pause of 200us is required after power-up flow- 
ed by any 8 CAS-before-RAS or RAS only refresh cycles 
before proper device operation is achieved. 
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PACKAGE DIMENSIONS 
18-LEAD PLASTIC DUAL IN-LINE PACKAGE Units: Inches (Millimeters) 
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— “0° — 10° 


















0.279 (7.08) 
0.293 (7.44) 
300(7.62) 


0.325(8.26) 


: 








0.862 (21.89) =- ee) 


0.872 (22.15) 0.009 (0.23) 
0.015 (0.38) 0.013 (0.33) 





0.050 (1.27) 



















0.135 (3.42) 
0.145 (3.68) 0.115 (2.92) 
MIN 





0.100 (2.54) 
TYP 


0.035 (0.89) 
0.055 (1.40) 


20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 


0.016 (0.41) 
0.024 (0.61) 


0.027 (0.69) 
MIN 
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0.670 (17.02) 
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0.128 (3.25) 
0.145 (3.68) 
















0.004 (0.1) 
0.050 (1.27) 0.015 (0.38) 0.026 
TYP 0.021 (0.53) 0.032 
0.050 (1.27) 


(0.66) 
(0.81) 
MAX 
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PACKAGE DIMENSIONS (continue) 
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE Units: Inches (millimeters) 


1.025(26.04) 0.113(2.87) 
| 1.035(26.29) | 0.120(3.05) 
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0.009(0.23) 
0.013(0.33) 
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20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE (Forward and Reverse Type) 


0.03 (080) 


| TYP 












TYP 
0.355 (9.02) 


0.296 (7.52) 
0.304 (7,72) 

0.324(8.22) 

0.371 (9.42) 





0.671 (17.04) 
0.679 (17.24) 


0.047(1.20) 


0.006 (0.15) 
EL e080 | TET 
0.050 (1.27) | 0.012 (0.30) 
TYP 0.020 (0.50) 
0.016 (0.40) 
0.024 (0.60) 
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4MxX1 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES GENERAL DESCRIPTION 


¢ Performance range: The Samsung KM41C4000ASL is a high speed CMOS 
4,194,304 bit x 1 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 











The KM41C4000ASL features Fast Page Mode operation 
which allows high speed random access of memory cells 


e Fast Page Mode operation within the same row. 

¢ CAS-before-RAS refresh capability 

e RAS-only and Hidden Refresh capability CAS-before-RAS refresh capability provides on-chip auto 
¢ 8&-bit fast parallel test mode capability refresh as an alternative to RAS-only Refresh. All inputs 
¢ TTL compatible inputs and output and output are fully TTL compatible. 

¢ Common 1/0 using Early Write 

¢ Single +5V+10% power supply The KM41C4000ASL is fabricated using Samsung’s ad- 
* 1024 cycles/256ms refresh vanced CMOS process. 

e 


Low power dissipation 

Standby: 0.6mW 

—Active (70/80/100ns): 578/523/468mW 

e JEDEC standard pinout 

¢ Available in Plastic SOJ, DIP, ZIP, and TSOP (11) 


FUNCTIONAL BLOCK DIAGRAM 
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PIN CONFIGURATION (top views) 


¢ KM41C4000ASLP ¢ KM41C4000ASLJ ¢ KM41C4000ASLZ 





(DIP) 





¢ KM41C4000ASLT 





(TSOP (IL) -Forward Type) 



































Address inputs 
D Data In 
Q | Data Out 
WwW Read/Write Input 
RAS Row Address Strobe 
CAS Column Address Strobe 
; Vcoc Power (+5V) 
Vss | Ground 
L_ N.C. No connection 
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ABSOLUTE MAXIMUM RATINGS* 










Voltage on Any Pin Relative to Vss Vin, Vout —1 to +7.0 











Voltage on Vcc Supply Relative to Vss Voc —1 to +7.0 | V 
Storage Temperature Tstg _ —55 to +150 °C 
Power Dissipation Pp 600 mW 








Short Circuit Output Current los 50 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 

















RECOMMENDED OPERATING CONDITIONS (voltage reference to Vsg, Ta=0 to 70°C) 







Supply Voltage 
















Ground Vss 0 | | Vv 
Input High Voltage | Wea 2.4 — Vect+1 Vv 
Input Low Voltage : V 




















DC AND OPERATING CHARACTERISTICS (0°c<ta<70°C, Vec=5.0V+10%) 


(Recommended operating conditions unless otherwise noted) 






































































Parameter 
cpaing Curent” (RMR CLDOOA 7 
a (RAS, CAS, Address Cycling @ trc=min) KM41C4000ASL-10 
Standby Current (RAS=CAS=Vin) mA 
re KM41C4000ASL- 7 mA 
one pa gett fen KM41C4000ASL- 8| loca ~ 95 | mA 
=Vins yong @:tne= min.) KM41C4000ASL-10 = 85 | mA 
. KM41C4000ASL- 7 — 80 mA 
ee ee no KM41C4000ASL- 8| cca | — | 70 | mA 
et Fe ne one KM41C4000ASL-10 se 60 | mA 
Standby Current (RAS=CAS=W2Vcc-—0.2V) | _ lees — 100 yA 
CAS-Before-RAS Refresh Current* Drdlea Oisiehelea cea nm ea ma 
(RAS and GAS Cycling @ tac=min.) KM41C4000ASL- 8 Ioce _ 95 mA 
eee ere | KM41C4000ASL-10 = 85 | mA 
Battery Back Up CurrentAverage Power Supply Current, 
Battery Back Up Mode, Input High Voltage (ViH)=Vcc-0.2V = 150 A 
Input Low Voltage (Vi_L)=0.2V CAS=CAS Before RAS Cycling or one M 
0.2V Din=Don't Care Trc=250uS, Tras=tras min. 1S 
Standby Current (RAS=Vin, CAS=ViL, Dout Enable) ince > 5 | mA 
Input Leakage Current ~10 10 A 
(Any input O<Vin<6.5V, all other pins not under test=O volts) ft | H 
Output Leakage Current (Data out is disabled, O0<Vour<5.5V) lot -10 | 10 pA 
L Output High Voltage Level (loo=—5mA) Vou 2.4 eee tee 
Output Low Voltage Level (loL=4.2mA) VoL — 0.4 V 


*Note: Icc1, loca, loca and Icce are dependent on output loading and cycle rates. Specified value are obtained with 
the output open. Icc is specified as average current. Icc1, Icc3, Icce, Address can be changed maximum 
two times while RAS=Vi. Icc4, Address can be changed maximum once while CAS=Vin. 


SAMSUNG _ 


ws : 
Electronics 





KM41C4000ASL CMOS DRAM 





CAPACITANCE (14=25°c) 






Input Capacitance (Ao-A1o, D) 
Input Capacitance (RAS, CAS, W) 
Output Capacitance (Q) 


















AC CHARACTERISTICS (0°c<tTa<70°C, Vec=5.0V+10%, See notes 1,2) 


KM41C4000ASL-7 | KM41C4000ASL-8 | KM41C4000ASL-10 
Standard Operation Symbol T Unit | Notes 




























































































Min Max Min Max Min Max 
Random read or write cycle time tre 130 150 180 ns 
Read-modify-write cycle time trwe 155 175 210 ns 
Access time from RAS trac | 70 80 100 | ns |3,4,10 
Access time from CAS tcac 20 20 | 25| ns | 3,4,5 
Access time from column address taa 35 40 | | 50/ ns ; 3,10 | 
CAS to output in Low-Z tez 5 5 5 | ms | 3 | 
Output buffer turn-off delay torr 6) 15 | 0 20 | ns 6 
| Transition time (rise and fall) tT 3 3 50 3 50) ns 2 
| RAS precharge time trp 50 60] 70 ns 
| RAS pulse width tRAS 70 80 | 10,000 | 100] 10,000 | ns 
| RAS hold time tRsH 20 20 25 ns 
CAS hold time | tesH 70 80 100 jens 
CAS pulse width |_tcas 20 20 | 10,000| 25{ 10,000| ns | 
RAS to CAS delay time trop 20 20 60] 25 75 | ns 4 
RAS to column address delay time tRAD 15 15 40} 20 50 | ns | 10 
| GAS to RAS precharge time tcrP 5 5 10 ns 
Row address set-up time tasr 0 0 0 ns 
Row address hold time tran | 10 10 | 45 ns 
Column address set-up time tasc 0 0 0 ns 
Column address hold time tCAH 15 15 20 ns 
Column address hold referenced to RAS tar 55 60 75 ns 12 
Column Address to RAS lead time tral | 35 40 50 | ns 
Read command set-up time tros 0 0 | 0 ns 
Read command hold referenced to CAS tRCH 0 0 0 ns 8 
Read command hold referenced to RAS tRRH 0 0 0} ns 8 
Write command hold time twcH 15 15 20 | ns 
Write command hold referenced to RAS twer 55 60 75 ns 12 
Write command pulse width twe 15 15 20 | ns 
Write command to RAS lead time tRWL 20 20 25 ns 
Write command to CAS lead time teow. | 20 20 25 | ns | 
Data-in set-up time tps 0 0 0 ns 9 
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KM41C4000ASL CMOS DRAM 
AC CHARACTERISTICS (continued) 
KM41C4000ASL-7 | KM41C4000ASL-8 | KM41C4000ASL-10 
Standard Operation Symbol 
Min Max 
Data-in hold time tbH 15 
Data-in hold referenced to RAS | tpHR 55 | 
Refresh period (1024 cycles) tREF 256 
Write command set-up time twos 0 ] 7 
CAS to write enable delay tcwo 20 | 7 
RAS to write enable delay trwp 70 7 
Column address to W delay time tawp 35 7 
CAS setup time (C-B-R refresh) tcsr 10 | | 
CAS hold time (C-B-R refresh) tcHR 20 
RAS precharge to CAS hold time trec 10 
CAS precharge (C-B-R counter test) topt 35 
Access time from CAS precharge topa 45 al 
| FAst Page mode cycle time tec 50 4 
| CAS precharge time (Fast page mode) top 10 10 a) 
| RAS hold time from CAS precharge tRHCP pil 
Fast page mode read-modify-write tprwc | ns 
| RAS pulse width (Fast page mode) trasp -| 7 200,000 
Write command set-up time (Test mode in) | twts 10 = 10 


| Write command hold time (Test mode in) 
W to RAS precharge time (C-B-R refresh) 








tWTH 
twrP 








W to RAS hold time (C-B-R refresh) 





twRH 
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TEST MODE CYCLE 






























































NOTES 


1. 


An initial pause of 200us is required after power- 
up followed by and 8 CBR or ROR cycles before 
proper device operation is achieved. 

ViHimin) and Vit(max) are reference levels for measur- 
ing timing of input signals. Transition times are 
measured between Vinimin) and Vit(max), and are 
assumed to be 5ns for all inputs. 

Measured with a load equivalent to 2 TTL loads and 
1 00pF 

Operation within the trcpimax) limit insures that 
trac(max) Can be met. trcpimax) is specified as a 
reference point only. If trcp is greater than the 
specified trcp(max) limit, then access time is con- 
trolled exclusively by tcac. 


10. 














(Note. 11) 
KM41C4000ASL-7 | KM41C4000ASL-8 | KM41C4000ASL-10 
Standard Operation Symbol Unit | Notes 
Min Max Min Max Min Max 
_Random read or write cycle time { tre | 135 155 | | 185 ns 
Read-modify-write cycle time | trwc | 160 180 oe | 215 ns | 
Access time from RAS {trac 75 85 [ i 105} ns }|3,4,10 
Access time from CAS tcac 25 25 | 30 | ns | 3,4,5 
Access time from column address taa |e 40 | 45 | | 55} ns | 3,10 
RAS pulse width | tras | 75 | 10,000 | 85 af 10,000 | 105 10,000 | ns 
CAS pulse width teas | 25) 10,000 | 25, 10,000/ 30 10,000 | ns | 
RAS hold time tRSH J 25 25 | 30 | ns 
CAS hold time {CSH | 75 85 105 ns 
Column address to RAS lead time tRAL 40 45 : 55 | ns 
CAS to write enable delay town | 25 25 30 ns < 
RAS to write enable delay | RWD 75 85 105 [ ns if 
| Column address to W delay time tawp 40 45 leo ; ns | 
Fast mode cycle time - tec 55 55 65 ns 
Fast page mode read-modefy-write tpRwC 80 80 95 | | ns 
== 4 Pape ae ae 3 ara 
RAS pulse width (Fast page mode) tRASP_ | 75 |200,000 ; 85 | 200,00 | 105 200,000 | ns 
Access time from CAS precharge tcpa 50 “T 60 60 | ns 3 








twcs2twcsmin) the cycle is an early write cycle and 
the data out pin will remain high impedance for the 
duration of the cycle. If tcwo2tcwoimin) and 
trwo2trwpimin) and tawo2tawpimin), then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tacH or taRH must be satisfied for a read 


cycle. 


. These parameters are referenced to the CAS 


leading edge in early write cycles and to the W 
leading edge in read-write cycles. 
Operation within the trapimax) limit insures that 





5. Assumes that tacp2tRcp(max). tRAc(max) Can be met. trRapimax) iS specified as a 

6. This parameter defines the time at which the out- reference point only. If trap is greater than the 
put achieves the open circuit condition and is not specified trapimax) limit, then access time is con- 
refernced to Vou or VoL. trolled by taa. 

7. twos, trwo, tcwp and tawp are non restrictive 11. These specifications are applied in the test mode. 
operating parameters. They are included in the data 12. tar, twcor, toHR are refrerenced to trapimax). 
sheet as electrical characteristics only. If 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS (Continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (ontinuea) 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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TIMING DIA 


G RAMS (Continued) 


FAST PAGE MODE READ-WRITE CYCLE 
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TIMING DIAGRAMS Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS continued) 






CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
“trp 
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TIMING DIAGRAMS (continue) 


TEST MODE IN CYCLE 
NOTE: D, Address=Don’t Care 

















ee Vin— 
RAS 

Vit— 
CAS Vin— 

Vit— 
8 Vin— XX KKK XXX) 
WwW 

vu ORG) 

torr 
Q VoH— 
Voc— 


TEST MODE DESCRIPTION 


The KM41C4000ASL is the RAM organized 4,194,304 
words by 1 bit, it is internally organized 524,288 words 
by 8 bits. In ‘‘Test Mode”, data are written into 8 sec- 
tors in parallel and retrieved the same way. A1or. A1oc 
and Aoc are not used. If, upon reading, ail bits are equal 
(all ‘1's or O's), the data output pin indicates a “1”. 
If any of the bits differed the data output pin would in- 


(Y 
RK) 





(XX KX 
RK 





KX XX WY XK KAA K KK KKK KKK KKK KK KK X Y) 
ORR RY 


) XX) é\ XXX 


OXXKKK XXX KKK XK XK XKXKKKX KKK XXX XXX 
KKK XNA RXR 


OPEN 





XXX DON’T CARE 


dicate a ‘‘O” In ‘Test Mode’, the 4M DRAM can be tested 
as if it were a 512K DRAM. W, CAS-Before-RAS Cycle 
(Test Mode in Cycle) puts the device into “Test Mode’”’. 
And “‘CAS-Before-RAS Refresh Cycle” or “RAS only 
Refresh Cycle” puts it back into ‘Normal Mode”. The 
“Test Mode” function reduces. test time (1/8 in cases 
of N test pattern). 
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DEVICE OPERATION 


Device Operation 

The KM41C4000ASL contains 4,194,304 memory loca- 
tions. Twenty-two address bits are required to address 
a particular memory location. Since the KM41C4000ASL 
has only 11 address input pins, time multiplexed address- 
ing is used to input 11 row and 11 column addresses. 
The multiplexing is controlled by the timing relationship 
between the row address strobe (RAS), the column ad- 
dress strobe (CAS) and the valid row and column address 
inputs. 


Operating of the KM41C4000ASL begins by strobing in 
a valid row address with RAS while CAS remains high. 
Then the address on the 11 address input pins is chang- 
ed from a row address to a column address and is strobed 
in by CAS. This is the beginning of any KM41C4000ASL 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The cy- 
cle is terminated when both RAS and CAS have return- 
ed to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (trap) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, trp, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM41C4000ASL begin a complex sequence of events. 
If the sequence if broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 

Aread cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. If CAS goes low 
before trcp(max), the access time to valid data is 
specified by trac. If CAS goes low after tacp(max), the 
access time is measured from CAS and is specified by 
tcac. In order to achieve the minimum access time, 
trac(min), it is necessary to bring CAS low before 
tRop(max). 


Write 

The KM41C4000ASL can perform early write, late write 
and read-modify-write cycles. The difference between 
these cycles is in the state of data-out and is determin- 
ed by the timing relationship between W and CAS. In any 
type of write cycle, Date-in must be valid at or before 
the falling edge of W or CAS, whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common |/O applications because 
the data-in and data-out pins may be tied together without 
bus contention. 


Read-Modify-Write: \n this cycle, valid data from the ad- 
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca- 
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write cycle tim- 
ing requirements. This cycle requires using a separate 
1/O to avoid bus contention. 


Late Write: |f W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tawp, tcwp and tawo, are not necessarily 
met. The state of date-out is indeterminate since the out- 
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate !/O to 
avoid bus contention. 


Data Output 

The KM41C400OASL has a three-state_output buffer 
which is controlled by CAS. Whenever CAS is high (Vin) 
the output is in the high impedance (Hi-Z) state. In any cy- 
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tcLz after the falling edge of CAS. Invalid data may be 
present at the output during the time after tcLz and 
before the valid data appears at the output. The timing 
parameters tcac, trac and taa specify when the valid 
data will be present at the output. The valid data remains 
at the output until CAS returns high. This is true even if 
a new RAS cycle occurs (as in hidden refresh). Each of 
the KM41C4000ASL operating cycles is listed below 
after the corresponding output state produced by the 
cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-before-RAS Refresh, CAS-only 
cycle. 


Indeterminate Output State: Delayed Write 


Refresh 

The data in the KM41C4000ASL is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
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DEVICE OPERATION (continued) 


256 ms. There are several ways to accomplish this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 


CAS-before-RAS Refresh: The KM41C4000ASL has CAS- 
before-RAS on-chip refreshing capability that eliminates 
the need for external refresh addresses. If CAS is held 
low for the specified set up time (tcsr) before RAS goes 
low, the on-chip refresh circuity is enabled. An internal 
refresh operation automatically occurs. The refresh ad- 
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CAS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM41C4000ASL hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
KM41C4000ASL by using read, write or read-modify-write 
cycles. Whenever a row is accessed, ail the cells in that 
row are automatically refreshed. These are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


Fast Page Mode 

The KM41C4000ASL has Fast Page mode capability. Fast 
Page mode memory cycles provide faster access and 
lower power dissipation than normal memory cycles. In 
Fast Page mode, it is possible to perform read, write or 
read-modify-write cycles. As long as the applicabie tim- 
ing requirements are observed, it is possible to mix these 
cycles in any order. A Fast Page mode cycle begins with 
anormal cycle. Then, while RAS is kept low to maintain 
the row address, CAS is cycled to strobe in additional 
column addresses. This eliminates the time required to 
set up and strobe sequential row address for the same 
page. Up to 2048 memory cells can be accessed with 
the same row address. 


CAS-Before-RAS Refresh Counter 
Test Cycle 


A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of veri- 


fying the functionality of the CAS-before-RAS refresh ac- 
tivated circuitry. 


After the CAS-before-RAS refresh operation, if CAS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 


This is shown in the CAS-before-RAS counter test cy- 
cle timing diagram. A memory cell can be addressed with 
11 row address bits and 11 column address bits defin- 
ed as follows: 


Row Address—Bits Ao through Ag are supplied by the 
on-chip refresh counter. This Aio bit is set high in- 
ternally. 


Column Address—Bits Ao through Aio are strobedin by 
the falling edge of CAS as in a normal memory cyele. 


Suggested CAS-Before-RAS Counter Test 


Procedure 
The CAS-before-RAS refresh counter test cycle’timing 
is used in each of the following steps: 


1. Initialize the internal refresh counter by performing 
8 CAS-before-RAS cycles. 

2. Write a test pattern of “lows” into the memory cells 
at a Single column address and 1024 row addresses. 
(The row addresses are supplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the “lows” writ- 
ten during step 2 and write “highs” into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory ceils. 

4. Read the “highs” written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


Power-up 

if RAS=Vsg during power-up, the KM41C4000ASL could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. It is recommended that RAS and CAS track 
with Vcc during power-up or be held at a valid VIH in 
order to minimize the power-up current. 


An initial pause of 200us is required after power-up 
followed by any 8 CBR or ROR cycles before proper 
device operation is achieved. 
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PACKAGE DIMENSIONS 
18-LEAD PLASTIC DUAL IN-LINE PACKAGE Units: Inches (Millimeters) 
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TYP 0.055 (1.40) 














0.016 (0.41) 
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a 0.004 (0.1) 
0.050 (1.27) 0.015 (0.38) 0.026 
TYP 0.021 (0.53) 0.032 
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(0.81) 








0.050 (1.27) 
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PACKAGE DIMENSIONS (continuea) 
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE Units: Inches (millimeters) 
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4MX1 Bit CMOS Dynamic RAM with Nibble Mode 
FEATURES GENERAL DESCRIPTION 








_ tance | tea | tac 


KM41C4001A- 7. 


Performance range: The Samsung KM41C4001A is a CMOS high speed 
4,194,304 bit x 1 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 





70ns 20ns 130ns 





| KM41C4001A- 8 | 80ns | 20ns | 150ns 








KM41C4001A-10 





The KM41C4001A features Nibble Mode operation 
which allows high speed serial access of up to 4 bits of 


100ns 25ns 180ns 





Nibble Mode operation data. 

CAS-before-RAS Refresh Capability 

RAS-only and Hidden Refresh Capability CAS-before-RAS refresh capability provides on-chip auto 
8-bit fast paraliel test mode Capability refresh as an alternative to RAS-only refresh. All inputs 
TTL compatible inputs and output and outputs are fully TTL compatible. 

Common I/O using Early Write 

Single +5V+10% power supply The KM41C4001A is fabricated using Samsung’s ad- 
1024 cycles/16ms refresh vanced CMOS process. 


JEDEC standard pinout 
Available in Plastic SOJ, DIP, ZIP 


FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATION (top views) 





© KM41C4001 AP ¢ KM41C4001AJ © KM41C4001AZ 





CONTROL & 
CLOCK 


























[{covumy orconen | 
Pt] SENSE AMPS 8 VO 

ae 

tla 

218 MEMORY ARRAY 

Q rat 4,194,304 Cells 

wis 

: 2 

Pin Name Pin Function 

Ao-A10 Address Inputs 
D Data In 
Q . Data Out 
WwW | Read/Write Input 5 
RAS Row Address Strobe 
CAS Column Address Strobe 
Vec Power (+5V) 
Vss Ground 
N.C. No connection 
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ABSOLUTE MAXIMUM RATINGS* 
Item Symbol Rating Unit 
Voltage on Any Pin Relative to Vss Vin, Vout —1 to +7.0 Vv 
Voltage on Vcc Supply Relative to Vss Vcc ST TO BO. a 
Storage Temperature Tstg —55 to +150 °C | 
| Power Dissipation Pp | 600 mW 
Short Circuit Output Current los 50 mA 

















* Permanent device damage may occur if ‘ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to. ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=O to 70°C) 





Supply Voltage 









Ground Vss 








Input High Voltage ViH 


2.4 





Voc+1 

















Input Low Voltage 
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DC AND OPERATING CHARACTERISTICS (0°c<ta<70°C, Vec=5.0V+10%) 


(Recommended operating conditions unless otherwise noted) 































































Parameter Symbol Min Max Unit 
Operating Current* KM TCSOOTA: 1 f me 
a ; he KM41C4001A- 8 loc1 _— 95 mA 
(RAS, CAS, Address Cycling @ tac=min) KM41C4001A-10 = 85 mA 
Standby Current 
| (RAS=CAS=Vin) loc2 2 mA 
——- ‘ KM41C4001A- 7 _ 105 mA 
Chev. "SES Cycling @ t aan KM41C4001A- 8| — Iecs ae 95 | mA 
L IH, ycung RC : KM41C4001A-10 _ 85 mA 
‘ KM41C4001A- 7 — 80 mA 
Nibble Mode Current* 
ie aT ee ao KM41C4001A- 8 loc4 _ 70 mA 
Iv (RASS Mi iiss Address Cycling: tnc=min.) KM41C4001A-10 = 60 | mA 
Standby Current | = 1 A 
(RAS=CAS=W2Vcc—0.2V) sore) be 
CAS-Before-RAS Refresh Current* eT CABO MNT = pes ss 
(RAS and CAS Cycling @ trc=min.) KM41C4001A- 8 loce — 95 mA 
_ PO ee ede: KM41C4001A-10 — 85 | mA 
Standby Current | 7 5 a 
(RAS=Vin, CAS=ViL, Dout Enable) Bue 
Input Leakage Current (Any input O<Vijn<6.5V, 40 10 A 
all other pins not under test=O volts) Z H 
Output Leakage Current _ 
(Data out is disabled, 0<Vour<5.5V) lot Pele rea ee 
Output High Voltage Level (loy=—5mA) VOH 2.4 — V 
Output Low Voltage Level (loL=4.2mA) VOL — 0.4 V 





*NOTE: Icc1, Iloc3, Iloc4 and Icce are dependent on output loading and cycle rates. Specified value are obtained 
with the output open. Icc is specified as average current. Icc1, Icc3, Icce, Address can be changed max- 
imum two times while RAS=ViL. Icc4, Address can be changed maximum once while CAS=Vin. 
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CAPACITANCE (ta=25°c) 













Input Capacitance (Ao-A1o, D) 
Input Capacitance (RAS, CAS, W) 
Output Capacitance (Q) 








Unit | Notes 





Standard Operation 







































































































































Random read or write cycle time tro 130 ns 
Read-modify-write cycle time tawc | 155 Bae ns | 
Access time from RAS tRAC 70 80 100] ns |3,4,10 
Access time from CAS tcac 20 20) 25| ns |3,4,5 
Access time from column address tan 35 40 50} ns | 3,10 
| CAS to output in Low-Z to.z 5 “a 5 | 5 | ns 3 
Output buffer turn-off delay torr 0 15 6) 15 6) 6 
| Transition time (rise and fall) tt a easel 2 
| RAS precharge time trp | 50; | 60| 70 | | ns 

RAS pulse width tras__| 70] 10,000] 80] 10,000] 100] 10,000| ns | 

RAS hold time tess | 20] | aol i 2s|_ rns | 

JOR hod me __| tes_{ 70 __| 90} 100) oo t+ 
CAS pulse width tcas 20|10,000| 25|10,000| ns 

RAS to CAS delay time tac 20 60| 25 75| ns 4 
RAS to column address delay time tRaD 15 40} 20 50/ ns | 10 
CAS to RAS precharge time tcrp 5 10 ns 

Row address set-up time tasr 0 O ns 

Row address hold time tRaH 10 15 ns | _ 
Column address set-up time tasc 0 ca ns 

Column address hold time tcaH 15 20 | ns 

Column address hold referenced to RAS tar 60 75 ns 12 
Column Address to RAS lead time tRAL 40 50 | ns 

Read command set-up time trcs 01 6) ns | 
Read command hold referenced to CAS tRCH 0 0 ns 8 
Read command hold referenced to RAS tRRH 6) ol ns 8 
| Write command hold time twcH 15 20 ns 

Write command hold referenced to RAS twcr 60 75 ns | 012 
Write command pulse width twp 15 a 20 ns 

Write command to RAS lead time tRWL | 20 | 25| ns 

Write command to CAS lead time towL 20 25 ns 

Data-in set-up time tos 0 0 ns 9 
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Standard Operation Unit | Notes 
Data-in hold time 1 St 20 ns 9 
Data-in hold referenced to RAS 60 75 ite 12 
Refresh period (1024 cycles) 16 16 16| ms 
Write command set-up time 6) O ns. 7 
CAS to write enable delay 20 25 ns 7 
RAS to write enable delay 80 100 ns 7 
Column address to W delay time 40 50 ns 7 
CAS setup time (C-B-R refresh) 10 10 [ns 
CAS hold time (C-B-R refresh) 30 30 ns 
RAS precharge to CAS hold time 10 10 ns 
CAS precharge (C-B-R counter test) 40 50 ns 
Nibble mode cycle time 40 45 ns 
Nibble mode read-write cycle time 65 70} ns 
Nibble mode access time 20 25] ns 
Neb fisis ORS plea esi ——= Is, nal 11-95) 20] | 25 ns 
Nibble mode CAS precharge time tncp ae 10 ns 
Nibble mode RAS hold time tursH | 20 25 ns 
Nibble mode CAS to W delay time wow | 20} | 20 25 ns 
Nibble mode W to RAS lead time tnrw. | 20 25 |_ns 
Nibble mode W to CAS lead time twew. | 20 20 25 ns 
Write command set-up time (Test mode in)| twts 10 10 10 ns 
Write command hold time (Test mode in) twTH 10 10 10 ns 
W to RAS precharge time (C-B-R refresh) | twre 10 10 10 ns 
W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns 
rt ss SANISUNG Wee 
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TEST MODE CYCLE 







(Note. 11) 




































































































NOTES 


1. 


An initial pause of 200us is required after power- 
up followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. Vinimin) and Vit(max) are reference levels for measur- 


ing timing of input signals. Transition times are 
measured between Vinimin) and Vit(max), and are 
assumed to be 5ns for all inputs. 

Measured with a load equivalent to 2 TTL loads and 
100pF 

Operation within the trcpimax) limit insures that 
trac(max) can be met. trcpimax) is specified as a 
reference point only. If trcp is greater than the 
specified trcpimax) limit, then access time is con- 
trolled exclusively by tcac. 

Assumes that tacp2trcp(max)- 

This parameter defines the time at which the out- 
put achieves the open circuit condition and is not 
refernced to Vou or VoL. 


. twcs, trwo, tcwo and tawp are non restrictive 


operating parameters. They are included in the data 
sheet as electrical characteristics only. 






KM41C4001A-7 | KM41C4001A-8 |KM41C4001A-10 
Standard Operation Symbol Unit | Notes 
Min; Max |Min| Max 

Random read or write cycle time 
Read-modify-write cycle time trwc 180 215 ns 
Access time from RAS tRac 75 85 105} ns |3,4,10 
Access time from CAS tcac 25 25 | 30| ns |3,4,5 
Access time from column address | taa 40 45 | 55/ ns | 3,10 
RAS pulse width |_ tras 10,000 | 85] 10,000; 105| 10,000] ns 
CAS pulse width tcas 10,000; 25/10,000; 30|10,000/ ns 
RAS hold time tRSH 25 30 ns 
CAS hold time tosH 85 105 ns 
Column address to RAS lead time RAL 45 55 | ns 
CAS to write enable delay tcwo | 25 T 30 ns 
RAS to write enable delay tawp 85 105 ns rs 
Column address to W delay time a 


If - 























twes2twcsimin) the cycle is an early write cycle and 
the data out pin will remain high impedance for the 
duration of the cycle. If tcwp2tcwoimin) and 
tawo2trwo(min) and tawp2tawoiminy, then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

Either tacH or tRRH must be satisfied for a read 
cycle. 


. These parameters are referenced to the CAS 


leading edge in early write cycles and to the W 
leading edge in read-write cycles. 


. Operation within the trapimax) limit insures that 


tRac(max) Can be met. tradimax) is specified as a 
reference point only. If trap is greater than the 
specified trapimax) limit, then access time is con- 
trolled by taa. 


. These specifications are applied in the test mode. 
. tar, twor, tor are refrerenced to tRapimax)- 
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TIMING DIAGRAMS 
















































































READ CYCLE 
= tro 
Le tras - 
RAS Vin tar 
Vit— 
tosH : j= tRP 
Je tRCD tRSH ft 
| ae ie CRP 
—= VIH— 
CAS Vis hme tRAD——} \ \ Ay, 
tRAH tasc toad iis 
tasR-=y sod pes 
VOD ROW SARA COLUMN, KAXXXKKKKKKKK KKK KKK KK KK 
mT RK acomss PRIN Reon cS PRIA INK ARN RANA 
ae 
; tRCH 
oe Vin— KKKXXKK KKK XXX Y y, XY eX KK KKK 
mn Vie RORY KS REL EY 
‘aa trac 
Q Acie OPEN 
VoL— 


WRITE CYCLE (EARLY WRITE) 












































































































































RAS 
CAS 
Vin 55 5 ¥, KKKKKKKKKAXKN v, XY XY X x 
‘ Vii~ XXX XY) RK RK OO 
= Vin — <YKY KK KKK XY) XKKKK KKK KX KKK RKK KKK KK KKK KY xX 
N Vie ROLE OLS PERO RY ROO OV YY 
Vin — XXX XK KK KK KK KK KKK) OX KK KKK KKK KAKKAD / AX AXXO XK IK 
Pv RR RRR KIA RRR KKK KKK KR RRL 
be 
Q Ns = LL es (){ F {| 
KY DON'T CARE 
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TIMING DIAGRAMS *(Continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 


tRwC 





tras 
























































are Vin— tar 
RAS Vim 
trp 
tcrP 
= ViH— , " 
ane Vit— tasR t KA bs Se, 
een 
rae — 4 
vn RADE : heen PKK OOOO ND 
vi- XD { nconess J RR _AoDRESs PRK OY 
7 Vin— DOOYOO Le 
WI PRY E= 
tcac twp torr 
VoH— a XX 
Q Vot— OPEN COX are y 
trac tos I toH 
Vin— OX YIX KYM K YY YK KYVVyyy VALID 40% SKK KK KK KKK "9% 9, 
0 RRR RARE RRR Sate IRR RRA RAR RAN 


NIBBLE MODE READ CYCLE 


tRAS trp 
tar 


Ras VIH— 
Vir— 


aol bl 
os BY it 
vi~ A) tasc tRRH 
“ 
Vip— X) ROW a COL XYYVYVYVYYXVY \ 
A d + 0) 
OOK “hop PM AnD KKK 


\/ AJ / AS/\/ V/V/V JJ / SVJ JAA/ V/V/\/ A/V/Y 
ae RK KR K KKK) 
fie elt : 
s 








vin— RKKKRKXP | to XY "AV RYN 
Wve YXXXXXXXY “ y xX 
Ree torr 
tRAc 
Von— oe VALID VALID VALID VALID 
eae QM baie Date 


RR DON'T CARE 
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TIMING DIAGRAMS 6 continued) 
NIBBLE MODE WRITE CYCLE (EARLY WRITE) 

















RAS 
CAS 
Vin— X WAAAY AAA AP AAAAA AZ 
Swe 0b PRRXY RR) 
-twcR 
las i: ——~ fl twcuH 
Ww Vin— OXXKK XN a twp KY YY KX) | YY XX) 
Vir— XOXXXX AN AXXXX AG AXXKX\ 
as a || twe _ | 
Se 
(DHR 
Q ie OPEN 
Vo_— 


NIBBLE MODE READ-WRITE CYCLE 


tRAS 


VY YAA/AA/ 
OK RR RY 


\A/ 


AAAAAYAAYW APY 

KKK) 
tnRWL 

tncwL 





{V/\ XX 


VV VVVY 


V/VV/VY VV A/V/ 
AYN ARR 


Ny EE 0) GE u) NX 






















































tras —{ {+tre 
Vin— aa Bs 
RAS ; 
Vit— 
tcorP tcsH tNRSH 
b—- trop tcas-—~7J tnrwc 
pane Vin— 0 XY 
CAS ViL— x) trad 
tas | tRAH tcp tNCAS 
LH to tasc 
Vin, =O OY VY VA APA AAA AAA AY YY YY Y WAY, 
so ®& F585 ORR RRR RRR 
I tNCWL p—— tNRWL 
_ ViH— a WAV AVAV VAN AY, XXX K SYYYY nr) 
We Nie YX x XY ma OXY AY RXR 
: pol twp 
VoH— *X\ VALID ALID VALID VALID 


Vip— OAK " Y « WK 7 
0 RRR BAR ROME BAR DOXA DK _ Be OY 
L— 


Bod DON'T CARE 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 


Note: GAS=Vin, W,D, A1o=Don't Care 








XXX KKK KKK XX KKKXXK KKK KKK) 
AY CIMINO 


A \/ XXX XXKK KX) ) (Row acpress (XxX XX XX XXX 
Vi PRR RRO FROM AOORESS —_ DOR 


: OPEN 
YoL— 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address=Don't Care 

















RAS 

oe Gee EN 

5 RRR 
7 ‘ . 7 y OPEN 


> Rw DON'T CARE 
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TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 


tre 





tras 








tRSH | 
ioe 


trap——{— LtgaL = | 
i 





4 tart 





[RAH] taso | | LL 











tCAH | 


ViH— (VWXY VY YY YYW 
vam RN aborts RX REEHS_ SRK RRR 





twrRPp 


iy 


tres tRRH 
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i 
taa q 














fs 
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tcrP 
me 
tasr 

A 
ao? Vin— RAAWAAYAAYWYYVYVY/ 
w Va ROY 

VoH— | 
: Vo_— 


tRAC 





tcLz 





HIDDEN REFRESH CYCLE (WRITE) 
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CL || AMY RX 


trac — 
— tras trp 
RAS ViH— 
Vit— 
oa 
| bees teapot ae, 
tasr tasc Lb toan 
Se CED CED NE 
— twor 
| iaw——{ | 
™ Vin— 
wy Vit— 
Vin~ AAAAAAAAAAAAAAY VYVYV YYW"AAAYY”/¥YJ AAA VYYWYYW®@V_V¥®YV¥V®VWVWVWVWVW 
Wi RX RXKXRXXKR GIN _—_YAtuD our ORR RRR RKRKKI 
VoH— - tDHR ssield Be 
Q VoL— 


xX DON’T CARE 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


trp 


Vip— 


tRSH 


RAS 
ViL— 
tcsr 
os ht 
Vir— ; i 


peeeeei | Seeer nee ec eee 
A SRK KKK RRR, _ ADDRESS EK MORK KORE 
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READ CYCLE tRAL— 
taa torr 
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ae Nt a 
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Vip— \AAAAAAZ LAM AAKAAAY AAA) 

w Vi RRR RY XXX 
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WRITE CYCLE 


VoH— 2 WT 
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ie aes mt 
twRH tewL——————_—+ 
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READ-WRITE CYCLE 
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AA tow 
bank a a tawoD tRWL 
= ViH- YYSAKKR RXK AAAAY COCOCCC COO CCOE. 
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TIMING DIAGRAMS continued) 


TEST MODE IN CYCLE 
NOTE: D, Address=Don't Care 








RAS Vis— 


Vit— 


— Vit 
CAS 


AS 


Vit— 






twTs 





Vip— 





| 








Vit— 


ViiOH — 
Viol — 


TEST MODE DESCRIPTION 


The KM41C4001A is the RAM organized 4,194,304 
words by 1 bit, it is internally organized 524,288 words 
by 8 bits. In “Test Mode’, data are written into 8 sec- 
tors in parallel and retrieved the same way. A1or. A1oc 
and Aoc are not used. If, upon reading, all bits are equal 
(all “1”s or “O”s), the data output pin indicates a ‘1”. 
If any of the bits differed, the data output pin would in- 





RNY ROX KX XK (\ MY AY 
RAN YXXXXXY? XY 


XXYRY 
WY XXX ee 

















ARN RRX YAR RRAXX RRR RRRD 


OPEN 


EXX] DON'T CARE 


dicate a “0” In “Test Mode’, the 4M DRAM can be tested 
as if it were a 512K DRAM. W, CAS-Before-RAS Cycle 
(Test Mode in Cycle) puts the device into “Test Mode”’. 
And “CAS-Before-RAS Refresh Cycle” or “RAS only 
Refresh Cycle” puts it back into “Normal Mode’. The 
“Test Mode” function reduces test time (1/8 in cases 
of N test pattern). 
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DEVICE OPERATIONS 


The KM41C4001A contains 4,194,304 memory loca- 
tions. Twenty-two address bits are required to address 
a particular memory location. Since the KM41C4001A 
has only 11 address input pins, time multiplexed address- 
ing is used to input 11 row and 11 column addresses. 
The multiplexing is controlled by the timing relationship 
between the row address strobe (RAS), the column ad- 
dress strobe (CAS) and the valid row and column address 
inputs. 


Operating of the KM41C4001A begins by strobing in 
a valid row address with RAS while CAS remains high. 
Then the address on the 11 address input pins is chang- 
ed from a row address to a column address and is strobed 
in by CAS. This is the beginning of any KM41C4001A 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The cy- 
cle is terminated when both RAS and CAS have return- 
ed to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (trp) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for porper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition a 
new cycle must not begin until the minimum RAS 
precharge time, tre has been satisfied. Once a cycle 
begins internal clocks and other circuits within the 
KM41C4001A begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re- 
quirements loss of data integrity can occur. 


Read 

Aread cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. If CAS goes low 
before tacp(max), the access time to valid data is 
specified by trac. If CAS goes low after trcp(max), the 
access time is measured from CAS and is specified by 
tcac. In order to achieve the minimum access time, 
trac(min), it is necessary to bring CAS low before 
trcp(max). 


Write 

The KM41C4001A can perform early write, late write 
and read-modify-write cycles. The difference between 
these cycles is in the state of data-out and is determin- 
ed by the timing relationship between W and CAS. In any 
type of write cycle, Date-in must be valid at or before 
the falling edge of W or CAS, whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The data at the data input pin(D) 


is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common I/O applications because 
the data-in and data-out pins may be tied together without 
bus contention. 


Read-Modify-Write: \n this cycle, valid data from the ad- 
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca- 
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write cycle tim- 
ing requirements. This cycle requires using a separate 
1/O to avoid bus contention. 


Late Write: \f Wis brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, trwo, tcwo and tawp, are not necessarily 
met. The state of date-out is indeterminate since the out- 
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate |/O to 
avoid bus contention. 


Data Output 

The KM41C4001A has a three-state output buffer which 
is controlled by CAS. Whenever CAS is high (Vi) the 
output is in the high impedance (Hi-Z) state. In any cy- 
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tciz after the falling edge of CAS. Invalid data may be 
present at the output during the time after tciz and 
before the valid data appears at the output. The timing 
parameters tcac, trac and taa specify when the valid 
data will be present at the output. The valid data remains 
at the output until CAS returns high. This is true even if 
a new RAS cycle occurs (as in hidden refresh). Each of 
the KM41C4001A operating cycles is listed below after 
the corresponding output state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Nibble Mode Read, Nibble Mode Read- 
Modify-Write. 


Hi-Z Output State: Early Write, RA AS-only Refresh, Nib- 
ble Mode Write, CAS-before-RAS Refresh, CAS-only 
cycle. 


Indeterminate Output State: Delayed Write 


Refresh 

The data in the KM41C4001A is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
16 ms. There are several ways to accomplish this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 
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DEVICE OPERATIONS (Continued) 


CAS-before-RAS Refresh: The KM41C4001A has CAS- 
before-RAS on-chip refreshing capability that eliminates 
the need for external refresh addresses. If CAS is held 
low for the specified set up time (tcsr) before RAS goes 
low, the on-chip refresh circuity is enabled. An internal 
refresh operation automatically occurs. The refresh ad- 
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CAS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM41C4001A hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 


Other Refresh Methods: ‘tis also possible to refresh the 
KM41C4001A by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. These are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


Nibble Mode 

The KM41C4001A has Nibble mode capability. Nibble 
mode operation allows high speed serial read, write or 
read-modify-write access of 4 consecutive bits. The first 
of 4 bits is accessed in the usual manner. The remain- 
ing nibble bits are accessed by toggling CAS high then 
low while RAS remains low. 


The 4 bits of data that may be accessed during Nibble 
mode are determined by the lower 10 row address bits 
(Rao-Rag) and 10 column address bits (Cao-Cag). The 
two address bits, Caio and Raio are used to select 1 
of the 4 nibble bits for initial access. The remaining nib- 
ble bits are accessed by toggling CAS with RAS held low. 
Each high-low CAS transition will internally increment the 
nibble address (Caio, Ra1o) as shown in the following 
diagram with Raio being the least significant bit. 


ee 0,1 1,0 a 


lf more than 4 bits are accessed during Nibble mode, 
the address sequence will wrap around and repeat. If any 
bit is written during Nibble mode, the new data will be 
read on any subsequent access. If the write operation 
is executed again on a subsequent access, the new data 
will be written into the selected cell location. 














A nibble mode cycie can be a read, write or read-modify- 
write cycle. Any combinations of reads and writes or read- 
modify-write be allowed. 


CAS-Before-RAS Refresh Counter 


Test Cycle 

A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of veri- 
fying the functionality of the CAS-before-RAS refresh ac- 
tivated circuitry. 


After the CAS-before-RAS refresh operation, if CAS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 


This is shown in the CAS-before-RAS counter test cy- 
cle timing diagram. A memory cell can be addressed with 
11 row address bits and 11 column address bits defin- 
ed as follows: 


Row Address—Bits Ao through Ag are supplied by the 
on-chip refresh counter. This Aio bit is set high in- 
ternally. 


Column Address—Bits Ao through Aio are strobedin by 
the falling edge of CAS as in a normal memory cycle. 


Suggested CAS-Before-RAS Counter Test 


Procedure 
The CAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 


1. Initialize the internal refresh counter by performing 
8 CAS-before-RAS cycles. 

2. Write a test pattern of “lows” into the memory cells 
at a single column address and 1024 row addresses. 
(The row addresses are supplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the “lows” writ- 
ten during step 2 and write “highs” into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

4. Read the “highs” written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


Power-up 

If RAS=Vsg during power-up, the KM41C4001A could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. It is recommended that RAS and CAS track 
with Vcc during power-up or be held at a valid Vin in 
order to minimize the power-up current. 


An initial pause of 200ys is required after power-up 
followed by any 8 RAS cycles before proper device 
operation is achieved. 
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PACKAGE DIMENSIONS 
18-LEAD PLASTIC DUAL IN-LINE PACKAGE Units: Inches (Millimeters) 
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0.027 (0.69) 
MIN 















ols ale or sje 
xa SiR 81S 18 
a Lie aie s/c 
mOlwo Olw o]/o COIN 
[°2) © wt 

a1S NIH ale Sd 
o|° 29/10 oJ/o S{o 











0.670 (17.02) 
0.680 (17.27) 








| 0.128 (3.25) 
0.145 (3.68) 
















alow or) ry 
0.050 (1.27) 0.015 (0.38) 0.026 
TYP 0.021 (0.53) 0.032 
0.050 (1.27) 


(0.66) 
(0.81) 
: | MAX 
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PACKAGE DIMENSIONS (continued) 








20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE Units: Inches (millimeters) 
1.025 (26.04) | 0.113 (2.87) 
1.035 (26.29) 7 | 0.120 (3.05) 
a 










325 (8.26) 


0. : 
0.335 (8.51) 


0.400 (10.16) 
MAX 





























I 0.009 (0.23) 
! 0.013 (0.33) 
F 
oe] 
0.014 (0.36) us 0.050 (1.27) 0.050 (1.27) = z 0.100 (2.54) 
0.024 (0.61) TYP MAX ~ g = 
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4MX1 Bit CMOS Dynamic RAM with Static Column Mode 


FEATURES 


¢ Performance range: . 


a re 
Kava yoa002R 7 | Tone | 20n8 | Toons 
rkivaic4o02a.@ | ane | 20ne | 150n8_ 
-kmarcaoo2a-i0 | 100ne | 26ns | 180ne | 


Static Column Mode operation 
CS-before-RAS Refresh Capability 
RAS-only and Hidden Refresh Capability 
8-bit fast parallel test mode Capability 
TTL compatible inputs and output 
Common 1/0 using Early Write 

Single +5V+10% power supply 

1024 cycies/16ms refresh 

JEDEC standard pinout 

Available in Plastic SOJ, DIP, ZIP 






FUNCTIONAL BLOCK DIAGRAM 


CONTROL '& | 
CLOCK 


| REFRESH CONTROL & 


ADDRESS COUNTER 
& 
Lt 











191 3 





COLUMN DECODER 


SENSE AMPS & I/O 













MEMORY ARRAY 
4,194,304 Cells 


ROW DECODER 





ADDRESS BUFFERS 


* KM41C4002AP 


GENERAL DESCRIPTION 


The Samsung KM41C4002A is a high speed CMOS 
4,194,304 bit X 1 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 


The KM41C4002A features Static Column Mode opera- 
tion which allows high speed random or sequential ac- 
cess within a row. Static Column Mode operation offers 
high performance while relaxing many critical system tim- 
ing requirements for fast usable speed. ‘ 


CS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only refresh. All inputs 
and output are fully TTL compatible. 


The KM41C4002< is fabricated using Samsung’s ad- 
vanced CMOS process. 


PIN CONFIGURATION (top views) 


¢ KM41C4002AJ ° KM41C4002AZ 








[Fin Name | Pin Funation | 





Ao-A10 Address Inputs 
D Data In 


Read/Write Input 
Row Address Strobe 








Chip Select Input 
Power (+5V) 
Ground 











No connection 
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ABSOLUTE MAXIMUM RATINGS* 












Voltage on Any Pin Relative to Vss Vin, Vout —1 to +7.0 


























Voltage on Vcc Supply Relative to Vss Voc —-1 to +7.0 
Storage Temperature Tstg -—55 to +150 
Power Dissipation Pp 600 














Short Circuit Output Current 50 


* Permanent device damage may occur if ‘“ABGOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=0O to 70°C) 





Supply Voltage 
Ground 











Input High Voltage 





Input Low Voitage 








DC AND OPERATING CHARACTERISTICS (o°c<ta<70°C, Voc=5.0V+10%) 


(Recommended operating conditions unless otherwise noted) 


Parameter 



















KM41C4002A- 7 
KM41C4002A- 8 
KM41C4002A-10 


Operating Current* 
(RAS, CS, Address Cycling @ tac=min) 





Standby Current (RAS=CS=Vin) 








KM41C4002A- 7 
KM41C4002A- 8 
KM41C4002A-10 


KM41C4002A- 7 
KM41C4002A- 8 
KM41C4002A-10 


RAS-Only Refresh Current* 
(RAS Cycling, CS=Vin, @ tac=min) 


Static Column Mode Current* 
(RAS=CS=Vi_, Address Cycling @tsc=min) 





Standby Current (RAS=CS=W2Vcc-0. 2V) 







KM41C4002A- 7 
KM41C4002A- 8 
KM41C4002A-10 
Standby Current (RAS=Vin, CS=Vi_, Dour=Enable) 


Input Leakage Current (Any input O<Vin<6.5V, 
all other pins not under test=O volts.) 


Output Leakage Current (Data out is disabled, OV<VouT<5.5V) 


Output High Voltage Level (loH=—5mA) 
Output Low Voltage Level (loL=4.2mA) 
*NOTE: Icc1, Icc3, Icc4a, Icce are dependent on output loading and cycle rates. eae value are obtained 


with the output open. Icc is specified as average current.Icc1, Icc3, Icce, Address can be changed 
maximum two times while RAS=ViL. lcca, Address can be changed maximum once while CS=Vin. 


CS-Before-RAS Refresh Current* 
(RAS and CS Cycling @ tac=min.) 
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CAPACITANCE (tm=25°c) 


input Capacitance (AorAro,D) || Cnn S| CC | 
input Capacitance (RAS, CS,W) | Owe | | Tr 
Output Capacitance (Q) 













AC CHARACTERISTICS (0°c<ta<70°C, Voc=5.0V+10%, See notes 1,2) 


KM41C4002A-7 |KM41C4002A-8 |KM41C4002A-10 


tac 
155 | 
= 






Standard Operation 


Random read or write cycle time 
Read-modify-write cycle time 





A) 
> 
_ 
— 


E |S |Z |F 
Qa j19 16 





=o (ol) lP ar -aP-< 
as |al/3 18 |8 
a/Slsoie |e le 
a /E RIDIH 
SIF le | @ | | 
S\Ficlalel]| 
—~—(|2/3 (3/3/32 
Sila l/c /o |e |o 
= hes a nee PO SY pe 
—lelFis|/s {s 
#1315 (3/2 /3 
® 212 18 |Qz 
Sir ||P lai> 
SisiNnicé H 
Qa/o0 3 
— = 
s | 
gQil< 2 
— a 
2 
o 
i?) 
7) 


TS 
a 


Qa 
a}oO;o 


ie) ™“ 


— 
ho N 
oO ao (2) 


nm | — 
N + |} 
O|@ o om Ko) 


| | 20 3,4,5 

= | 40/ 3,11 
toiz [ad 3,12 

| ol ae ee ee 

| 60, 3] 50 

| 50] fr me) | 


RAS pulse width 
RAS hold time | 20) 
CS hold time tos 
CS pulse width 
RAS to CS delay time 
RAS to column address delay time | tran | 15| 

[tore | 5) 
[tasr_ | 0 
[tran | 10 
ftasc | 0 
Column address hold time 


Column address hold referenced to RAS 


Column Address to RAS lead time | trac | 35| 
Read command set-up time trcs 
Read command hold referenced to CS tRCH 


10,000 


—_ 
Oo 
[=] 
So 


’ 





zi 
a 
ne] 
= 
QO 
9 
=> 
g 
a 
oO 
ot 
3 
@O 





- 
B 
x 





Read command hold referenced to RAS | tary _| 
Write command hold time 15 
Write command hold referenced to RAS I twor | 55| 


Write command pulse width |twe | 15] 


5 


— 
oO 
(>) 
“N | O 
a!;o 


it 
= N 


2]2/2/2 
Sl= l= ls 
5/8 /8/5 
Qa|(|aQ 
se |e (3 
B |g |g |& 
3 | | |x 
8/27/18 /8 
o;® |O 
oja|t lz 
@/=-15 8 
ris |i“ ja 
c¢1i3l/a/0 
ojo |Z (= 
~ ®l13 
3 @ 
oO 
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AC CHARACTERISTICS (continued) 


KM41C4002A-7 |KM41C4002A-8 |KM41C4002A-10 
Standard Operation 





Write command to RAS lead time 
Write command to CS lead time 
Data-in set-up time 

Data-in hold time 

Data-in hold referenced to RAS 
Refresh period (1024 cycles) 
Write command set-up time 

CS to write enable delay time 

RAS to write enable delay time 
Column address to W delay time 
CS set-up time (C-B-R refresh) 

CS hold time (C-B-R refresh) 
RAS precharge to CS hold time 
CS precharge (C-B-R counter test) 


Output data enable time from W tow _| 
Output data hold time from W 

RAS pulse width (static column mode) 

CS pulse width (static column mode) 

CS precharge time (static column mode) 

Write address hold time reference to RAS 
Column address hold time referenced to RAS rise 
Last write to column address delay time 

Last write to column address hold time 

Write command inactive time 

Write command set-up time (Test mode In) 

Write command hold time (Test mode In) 

W to RAS precharge time (C-B-R refresh) 

W to RAS hold time (C-B-R refresh) 















































—s 
W|> ° ~ |r 


~“N 








N 
a 


—h i 
(>) a;o 








100,000 
100,000 
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TEST MODE CYCLE | . (Note. 13) 








Standard Operation 






Random read or write cycle time 
Read-modify-write cycle time 
Access time from RAS 

Access time from CS 

Access time from column address 
RAS pulse width 

C5 pulse width 

RAS hold time 

C5 hold time 

Column Address to RAS lead time 

CS to write enable delay 

RAS to write enable delay 

Column address to W delay time 
Static column mode cycle time 

Static column mode read-modefy-write 


RAS pulse width (Static column mode) 
Access time from tast write 
CS pulse width (static column mode) 

















































45 
85 | 10,000 
25| 10,000 
































































































8 
= 


85 
"100,000 85] 100,000] 105] 100,000 ns | _ 
P70] | 80/ | 100) ns 312 
'100,000[ 25] 100,000] 80 [100,000 ns |__| 










NOTES twcs2twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 

1. An initial pause of 200us is required after power- the duration of the cycle. If tewpo2tcwpimin) and 
up followed by any 8 RAS cycle before proper trwo2trwo(min) and tawo2tawpimin), then the cycle 
device operation is achieved. is a read-write cycle and the data out will contain 

2. Vitimin) and Vitimax) are reference levels for measur- the data read from the selected address. If neither 
ing timing of input signals. Transition times are of the above conditions are satisfied, the condition 
measured between Vin(min) and Vit(max), and are of the data out is indeterminate. 
assumed to be 5ns for all inputs. 9. Either taco or taRH must be satisfied for a read 

3. Measured with a load equivalent to 2 TTL loads and cycle. 
100pF 10. These parameters are referenced to the CS leading 

4. Operation within the trcoimax) limit insures that edge in early write cycles and to the W leading edge 
tRac(max) can be met. tropimax) is specified as a in read-write cycles. 
reference point only. If tacp is greater than the 11. Operation within the trapimax) limit insures that 
specified tacpimax) limit, then access time is con- tRac(max) Can be met. trap(max) is specified as a 

trolled exclusively by tcac. reference point only. If trap is greater than the 

5. Assumes that trcp2>trRcp(max). specified trapimax) limit, then access time is con- 

6. tawe, twer, toHr are referenced to trapimax) trolled by taa. 

7. This parameter defines the time at which the out- 12. Operation within the tLwapimax) limit insures that 
put achieves the open circuit condition and is not taLwimax) Can be met. tLwapimax) is Specified as a 
refernced to Von or VoL. reference point only. ttwap is greater than the 

8. twcs, trwo, tcwo and tawp are non restrictive specified tLwapimax limit, then access time is con- 
operating parameters. They are included in the data trolled by taa. 


sheet as electrical characteristics only. If 13. These specifications are applied in the test mode. 
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TIMING DIAGRAMS 


READ CYCLE 
tre 
trp 
RAS Vin — tras 
Vii 


tes 


tasr treat trac [ax pal 















swe UM row roness OOO coun acoress ROOK 
= = 
= thon 
V, as eeervereeeeeeeeee a = Ty 
We ROO toe Bs 
trac 
OL 7 2 
WRITE CYCLE (EARLY WRITE) 
tac 
trp 
Be: ae = 
tawr 
tasr a tran bras Ee 
nr = QR row sooness QOL yAL cote aooness OOOO OO 
= | torp 

bars Vin — 
i vie Eh 

aaa a 

ina 
—_ IH YX XY XX X¥ Y¥ XY XX Y YX YP twon Y VV YY YVVY VV YY VAV/ VY ¥ 
NN te a NNN 

tawe 
ton 

Q i i. poe ee ee 


RX cone care 
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TIMING DIAGRAMS (Continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 


tawe 


—— Vv tras 
RAS ie ae 

. Vin — = 7 XX YY 
A “a ROW ADDRESS RY a COLUMN ADDRESS = M RY (x LOOKene RY 


- 


Se spe <= —t 
wT RAYS m= 
ane 
0 RRR al WNNeeNNN 
trac = ad 
: Ec ts 


teiz 
STATIC COLUMN MODE READ CYCLE 


tcrp 





Ly YY wy 


=| 





trasc i? 


= Vw 
RAS a 


Ue 


tasr 


ea 
COLUMN | 
ra oe m. {row avo fj QO) { Roonres fq CoLuMn aDoREss ) [ COLUMN ADDRESS ) ADDRESS { coLumn avoress | COLUMN ADDRESS ge 


a mi 
ee tr 

— 

0 


vO NEN al 


| 


Vi. 





) ia VALID DATA |) 





Vou 
2 Vor ~ Xs, 
= RY cows care 
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TIMING DIAGRAMS (Continued) 
STATIC COLUMN MODE WRITE CYCLE (W CONTROLLED EARLY WRITE) 


tre 





Vin — trasc 


tran 
tasr tcaH tRaL : 


_ aes 
a XN aopress p CO) tones en OO CoE OO 


— trsu 


a top tere 


cs ae a5 Foanaart AON 
tse 1 
twes ie 
Vin — t sail twe 4 bs 
Vi a 


“tel 








=| 


Sai ee 


poe 
0 — RRR BOG PRK Bata ROK data DEKKER 
Q EN 


Vor — 


STATIC COLUMN MODE WRITE CYCLE (CS CONTROLLED EARLY WRITE) 


trp 


Vin = trase 


RAS 


“ee ewer 
= - 
a YET AC op. eel > ADD ‘ eee 


ADD 


ADD 


RS 


Gs Viq — 


Vii — tor: 







VYVVV ¥ 





WV RTT [ree ; GGLM| 
Se ne 
D Me OM DATA DRX BATA ORM DATA PO RRR 
Q 3 PEN 
RY oon CARE 
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TIMING DIAGRAMS (Continued) 
STATIC COLUMN MODE READ-WRITE CYCLE 


p= trasc trp 
———e Vv, pe 
RAS m 











Vii 
tasr toa al eae 
ne © jg oe ewer K ROOK, ore ED Os 
= Vin ~ 
Ste I = 
tawo 
|e mest 
| aT eT 
0 OR ROGOR Bae ROX sit) BATA ROKR ORK 
trac a tow torr 
= Lf carom HEB aon ER 
toiz taw 


STATIC COLUMN MODE MIXED CYCLE 


RAS Vin — trep taHLw 
Vi — 







= y |” iat 


tasr 


tra | 
AT ARROW KE couunn sans 1%, e ED COL. ris sea im 





Vin — 
Vi 


=| 


oe RRR NE YY) se RIK = aul MO 


torr 


a i 

ee \/ 

. OO EG 
Vou — 


WRITE READ READ-MODIFY-WRITE 


RY DONT'T CARE 
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TIMING DIAGRAMS (continued) 


RAS-ONLY REFRESH CYCLE 
NOTE: W, D, A1o=Don’t Care 


tac 
trp 
RAS Viq tras 
Vii 
tore m7 tapc 
Se ie ae 
tasr tran 
Vu YYXXXXXXXK XY MARIVVIIVIY VU VV 
ar ORR Row Aooress PO KOCKRCKROD 
Q es OPEN 
CS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address=Don’t Care 
tac 
trp 
— Vin } thas 
RAS qe 
trec 
top he tour trec 
a Vin CAV VY YY 
2 ae iz PA 
twrH 
= Pas VVV/VYSJ/YVV YY VY YY VY VYVYVYYVY YYVYVYV VY YVYYVYWVYVWVYY YYVWYVYV YY VY Vy 
WY OY RH 
torr 

Vou — 

Q Were: ) OPEN 


RY DON'T CARE 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 


Aas : tras tras 
- tone ; tour 
| ine 
= oe | 
KKK 


eae Ted 
oy J Reet VVV/ V/V/V VYV 
WX 


RY aoess tints 
[He pH 







=| 


RRR 


Vi — DAADABALS 


CO 


Vou 


(/) 
Q we ( Ky ( VALID DATA ) 


tcLz 
HIDDEN REFRESH CYCLE (WRITE) 






tac 

a Vin — 

Via — ; 
cs Vin <n — = ie town 

Vi = 
ee PRK KK KKK XKNN 

| twes | twa 
_eyvvvyvy a ey ee $$ EY VV YY YYYYYYYYYY 

Wn OOOO [TY XXX) 


Coenen, Maasai 


KKK RRR 


Q ee 8 =) 
KY DON'T CARE 


Vin 7 XX XXX Cus 


Vo. — 
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TIMING DIAGRAMS 6 continued) 
CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


tae 


tras 


trsH 
7 tesr mae So ape 
a onal | 
a a ; ( 
re oo et 
ADDRESS OY 


KY 


VY Y 


po ROKK KKK ARK 


READ CYCLE 


Voa= vey, 
Q ae VALID DATA N 


Vor— ie. /\ ‘ i 
VAv AY, Bic 








_ nu- XYVKYY Wareve" 
WoW ARK | RX 
WRITE CYCLE 
Vou 
_ i 
: ‘9 
—_ Vin — YY Y¥ YX YX YYYYVYVY YY YYVYY YY YY VY VY YY YY 
We OY Ri SOLES 


JS VSS SV VY VASV/S SSS VV | VY SSS Y SY SYVASA/ VY VY VY 
D We RRR vauD Data KYA NY 


READ-WRITE CYCLE 


Vou— 





- Vor— 

twrp 
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tcewo twe twou 
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TIMING DIAGRAMS 6 continue) 


TEST MODE IN CYCLE 
NOTE: D, Address=Don't Care 


Soa Vin — 
RAS 
Vi — tapc 
= = tcnr 
— Vin — 
cs 
Vit — 
twru 
= Vin — XXKKKKK KY 
\) 
* Vi — XxX Xx XX 
torr 
Vou 
Q ) 
Vo. — 


TEST MODE DESCRIPTION 


The KM41C4002A is trie RAM organized 4,194,304 
words by 1 bit, it is internally organized 524,288 words 
by 8 bits. In “Test Mode”, data are written into 8 sec- 
tors in parallel and retrieved the same way. Aior. A1oc 
and Aoc are not used. If, upon reading, all bits are equal 
(all ‘1s or “O”s), the data output pin indicates a “1”. 
If any of the bits differed, the data output pin would in- 


AV AV AN AV AV AV AV AS 


MNO 


XK 


KY DON’T CARE 


dicate a “O” In “Test Mode”, the 4M DRAM can be tested 
as if it were a 512K DRAM. W, CS Before RAS Cycle 
(Test Mode in Cycle) puts the device into “Test Mode’”’. 
And “CS Before RAS Refresh Cycle” or “RAS only 
Refresh Cycle”’ puts it back into ‘Normal Mode”. The 
“Test Mode” function reduces test time (1/8 in cases 
of N test pattern). 
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DEVICE OPERATIONS 


Device Operation 


The KM41C4002A contains 4,194,304 memory loca- 
tions. Twenty-two address bits are required to address 
a particular memory location. Since the KM41C4002A 
has only 11 address input pins, time multiplexed address- 
ing is used to input 11 row and 11 column addresses. 
The multiplexing is controlled by the timing relationship 
between the row address strobe (RAS), the chip select 
input (CS) and the valid row and column address inputs. 


Operating of the KM41C4002A begins by strobing in 
a valid row address with RAS while CS remains high. 
Then the address on the 11 address input pins is chang- 
ed from a row address to a column address and is strobed 
in by CS. This is the beginning of any KM41C4002A 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The cy- 
cle is terminated when both RAS and CS have return- 
ed to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (trae) requirement. 


RAS and CS Timing 

The minimum RAS and CS pulse widths are specified 
by tras(min) and tcs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tap, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM41C4002A begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 

Aread cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CS cycle. The access time 
is normaily specified with respect to the falling edge of 
RAS. But the access time also depends on the falling 
edge of CS and on the valid column address transition. 


If CS goes low before tacp(max) and if the column ad- 
dress is valid before trap(max) then the access time to 
valid data is specified by trac(min). However, if CS goes 
low after tacp(max) or if the column address becomes 
valid after trap(max), access is specified by tcac or taa. 
in order to achieve the minimum access time, trac(min), 
it is necessary to meet both tacp(max) and trap(max). 


Write 
The KM41C4002A can perform early write, late write 
and read-modify-write cycles. The difference between 


these cycles is in the state of data-out and is determin- 
ed by the timing relationship between W and CS. In any 
type of write cycle, Date-in must be valid at or before 
the falling edge of W or CS, whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common I/O applications because 
the data-in and data-out pins may be tied together without 
bus contention. 


Read-Modify-Write: \n this cycle, valid data from the ad- 
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca- 
tion. This cycle is achieved by bringing W low after cs 
and meeting the data sheet read-modify-write cycle tim- 
ing requirements. This cycle requires using a separate 
1/O to avoid bus contention. 


Late Write: \f W is brought low after CS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, trwo, tcwo and tawp, are not necessarily 
met. The state of date-out is indeterminate since the out- 
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate I/O to 
avoid bus contention. 


Data Output 

The KM41C4002A has a three-state output buffer which 
is controlled by CS. Whenever CS is high (Viv) the 
output is in the high impedance (Hi-Z) state. In any cy- 
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tc.z after the falling edge of CS. Invalid data may be 
present at the output during the time after tc.z and 
before the valid data appears at the output. The timing 
parameters tcac, trac and taa specify when the valid 
data will be present at the output. The valid data remains 
at the output until! CS retums high. This is true even 
if a new RAS cycle occurs (as in hidden refresh). Each 
of the KM41C4002A operating cycles is listed below 
after the corresponding output state produced by the 
cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Static Column Mode Read, Static Column Mode 
Read-Modify-Write. 


Hi-Z Output Static: Early Write, RAS-only Refresh, Static 
Column Mode Write, CS-Before-RAS Refresh, CS-only 
cycle. 


Indeterminate Output State: Delayed Write. 
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DEVICE OPERATIONS (Continued) 


Refresh 

The data in the KM41C4002A is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
16 ms. There are several ways to accomplish this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CS remains high. This cycle must 
be repeated for each row. 


CS-before-RAS Refresh: The KM41C4002A has CS- 


before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If CS is held low 
for the specified set up time (tcsr) before RAS goes 
low, the on-chip refresh circuitry is enabled. An internal 
refresh operation automatically occurs. The refresh ad- 
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CS-before-RAS refresh cycle. 


Hidden Refresh. A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CS active time and cy~ling RAS. The 
KM41C4002A hidden refresh cycle is actually a CS- 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 


Other Refresh Methods: Itis also possible to refresh the 
KM41C4002A by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. There are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CS- 
before-RAS refresh is the preferred method. 


Static Column Mode 

Static Column Mode allows high speed read, write or 
read-modity-write random access to all the memory cells 
within a selected row. Operation within a selected row 
is similar to a static RAM. The read, write or readmodify- 
write cycles may be mixed in any order. 


A Static Column mode read cycle starts as a normal cy- 
cle. Additional cells within the selected row are written by 
by applying a new column address while W=Vj\y and 
RAS=ViL. 


A Static Column mode write cycle starts as a normal cy- 
cle. Additional cells within the selected row are written by 
applying a new column address while RAS=V\. and tog- 
giling either W or CS. The data is written into the cell 
trigered by the latter fallin edge of W or CS. 


CS-before-RAS Refresh Counter Test 
Cycle 

A special timing sequence using the CS-before-RAS 
refresh counter test cycle provides a convenient method 
of verifying the functionality of the CS-before-RAS refresh 
activated circuitry. 


After the CS-before-RAS refresh operation, is CS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 


This is shown in the CS-before-RAS counter test cycle 
timing diagram. A memory cell can be addressed with 
11 row address bits and 11 column address bits defin- 
ed as follows: 


Row Address—Bits Ao through Ag are supplied by the 
on-chip refresh counter. The Aio bit is set high in- 
ternally. 


Column Address—Bits Ao through A1o are strobed-in by 
the falling edge of CS as in a normal memory cycle. 


Suggested CS-before-RAS Counter Test 


Procedure __ 
The CS-before-RAS refresh counter test cycle timing is 
used in each of the following steps: 


1. Initialize the internal refresh counter by performing 
8 cycles. 

2. Write a test pattern of “lows” into the memory cells 
at a single column address and 1024 row address. 
(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycles, read the “lows” writ- 
ten during step 2 and write “highs” into the same. 
memory locations. Perform this step 512 times so 
that highs are written into the 512 memory cells. 

4. Read the “highs” written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


Power-up 

If RAS=Vsg during power-up, the KM41C4002A could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. It is recommended that RAS and CS track 
with Vcc during power-up or be held at a valid Vin in 
order to minimize the power-up current. 


An initial pause of 200us is required after power-up 
followed by any 8 RAS cycles before proper device 
operation is achieved. 
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PACKAGE DIMENSIONS 
18-LEAD PLASTIC DUAL IN-LINE PACKAGE 


Unit: inches (Millimeters) 


0°-10° 














ale als 
o}=  olN 
Sie EIS 
oO) fonts) 
late 2 OIN 
A}A | 
O4oO ome) 








0.862(21.89) 
0.872(22.15) 


0.009(0.23) i 


0.015(0.38) 





0.050(1.27) 0.013(0.33) 
MAX 
0.135(3.43) 0.183(4.65) 
0.145(3.68) MAX 
0.115(2.92) 
MIN 
0 
0.100(2.54) =) 
TYP 
0.016041) 0.035(0.89) 
0.024(0.61) , : 


20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 


0.027(0.69) 
MIN 








0.670(17.02) 
0.680(17.27) 





















alo Ola ole 
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| O}0 9/9 slo 
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roto) S|lod|o 6/5 
a|O 








0.128(3.25) 
0.145(3.68) 





0.026(0.66) 
0.032(0.81) 







0.004(0.1) 


0.050(1.27) 0.015(0.38) 
TYP 0.021(0.53) 


0.050(1.27) 
MAX 
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PACKAGE DIMENSIONS (continued 
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE Units: inches (millimeters) 





















1.025(26.04) 0.113(2.87) 
1.035(26.29) 0.120(3.05) 
4 siz - 
No © 
O)}@ ‘ 
e/g 2 
10) rol 
ole. 4 
So 
0.009(0.23) 
0.013(0.33) 
0.100(2.54) | 0.100(2.54) 
MIN TYP 
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1MxX4 Bit CMOS Dynamic RAM 


FEATURES 


e Performance range: 


80ns 20ns 
100ns 25ns 


Fast Page Mode operation 
CAS-before-RAS refresh capability 
RAS-only and Hidden Refresh capability 
8-bit fast parallel test mode capability 
TTL compatible inputs and output 
Early Write or output enable controlled wirte 
Single +5V+10% power supply 
Refresh cycles: 
—1024 cycles/16ms 
—1024 cycles/128ms (L-Version) 
¢ Low Power: 

—Standby: 5.5mW 
; 1.7mW (L-Version) 

—Active: 550mW (80ns) 

468mW (100ns) 

e JEDEC standard pinout 
¢ Available in Plastic SOJ/ZiP 


FUNCTIONAL BLOCK DIAGRAM 









KM44C1000/L- 8 
KM44C1000/L-10 





pe) 
Poa 
n 








with Fast Fast Page Mode 


GENERAL DESCRIPTION 


The Samsung KM44C1000/L is a high speed CMOS 
1,048,576 bit X 4 dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 


The KM44C1000/L features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. CAS-before-RAS refresh capabili- 
ty provides on-chip auto refresh as an alternative to RAS- 
only Refresh. All inputs and output are fully TTL com- 
patible. 





The KM44C1000/L is fabricated using Samsung’s ad- 
vanced CMOS process. 


PIN CONFIGURATION (Top Views) 
¢ KM44C1000J/LJ * KM44C1000Z/LZ 






































cm] Seek 
Ww 
|_| ADDRESS COUNTER 
[] }~=COLUMN DECODER al 
feos 
O12 
ae 
218 | memory ARRAY Pin Name Pin Function 
2 S 1,048,576X4 Cells T_ AorAs T_Address inputs 
: (8]e DQ1-4 Data In/Out 
a We W | Read/Write input 
26 | _ Data Output Enable 
RAS Row Address Strobe 
f CAS Column Address Strobe 
Voc Power (+5V) 
Vss Ground 
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ABSOLUTE MAXIMUM RATINGS* 






















































Item Symbol Rating Unit 
| Voltage on Any Pin Relative to Vss Vin, Vout -1 to +7.0 V 
_ Voltage on Voc Supply Relative to Vss Voc —1 to +7.0 MV 
_ Storage Temperature 7 _ ie Tstg —55 to +150 *C:. | 
| Power Dissipation | PO 600 mw 
LL Short Circuit Output Current los 50 mA 





* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=O to 70°C) 





Min 














Supply Voltage Mec 9:0 
Ground : Ves. O OF 
__Input High Voltage __ VIH 2.4 = 














Input Low Voltage ViL 




















DC AND OPERATING CHARACTERISTICS (0°C<tTa<70°C, Voc=5.0V+10%) 


(Recommended operating conditions unless otherwise noted) 
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Parameter Symbol Min Max Unit 
| Operating Current* KM44C1000/L- 8 
| (RAS, CAS, Address Cycling @ tac=min) KM44c1000/L-10 | °°" | = | 85 | mA 
Standby Current 
| (RAS=CAS=Vin) _ —_ - ee 7 os : ee 
RAS-Only Refresh Current* KM44C1000/L- 8 _— 100 mA 
(CAS=Vin, RAS Cycling @ tac=min) KM44C1000/L-10 We ie 85 | mA 
Fast Page Mode Current* KM44C1000/L- 8 , — 70 mA 
(RAS=Vi_, CAS Cycling @ tec=min.) KM44C1000/L-10 sibs ~ 60 | mA 
Standby Current KM44C1000-8/10_ | ite 1 | mA 
| (RAS=CAS=Voc—0.2V) KM44C1000L-8/10 a ~ | 300 | pA_ 
- CAS-Before-RAS Refresh Current* KM44C1000/L- 8 , _ 100 mA 
|__(RAS and CAS Cycling @ trc=min.) KM44C 1000/L-10 Sin — | 85 | ma 
Battery Back Up Current 
Average Power Supply Current, Battery Back Up Mode 
input High Voltage (ViH)=Vcc-0.2V ; 
Input Low Voltage (Vi) =0.2V hae iecci te leon | — | 400 | pA 
CAS=CAS-Before-RAS Cycling or 0.2V 
DQ1~4=Don't Care 
Trc=125us, Tras=tras min. ~ 1s | | 
Standby Current 
(RAS=Vin, CAS=ViL locs _ 5 mA 
Dout Enable) 
156 


KM44C1000/L 


CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (continueg) 
































Parameter Symbol Min Max Unit 
Input Leakage Current , 
(Any input O<Vin<6.5V, he —10 10 yA 
all other pins not under test=O volts) 
Output Leakage Current = 
| (Data out is disabled, 0<Vout<5.5V) ae cs a Beha |t ne 
Output High Voltage Level 
(lon=—5mA) ; ; Vou 2.4 | — V 
Output Low Voltage Level 
(loL=4.2mA) Vou ie ee . 
*“NOTE: Icc1, Iccs, Ilcca and Icce are dependent on output loading and cycle rates. Specified values are obtained 


with the output open. Icc is specified as average current. In icc1, Icc3, Icce. Address can be changed max- 
imum two times while RAS=ViL. Icc4, Address can be changed maximum once while CAS=Vjn. 


CAPACITANCE (1,=25°c) 






Input Capacitance (Ao-As) 
Input Capacitance (RAS, CAS, WwW, OE) 
Output Capacitance (DQ;-DQ4) 




















































































































































| KM44C1000/L-8 KM44C1000/L-10 

! Standard Operation Symbol }——--;--—— a Unit | Notes 
| Min Max Min Max 

"Random read or write cycle time tre 150} | 180 | 7 ns 

| Read-modify-write cycle time tRwc 205 | 245 ns 
| Access time from RAS | trac | 80 | 100| ns | 3,4 
Access time from CAS tcac | 20 z 2) ns | 3,4 

| Access time from 1 column address _ ‘cates. taa 40 ‘50 jns_ 3,11 
CAS | to output in Low-Z Naw Seer tcLz oh Ne ipeeec.3 ns 3 
Output buffer turn-off delay = torr 0 15 0 20! ns 7 | 
Transition time (rise and fall) soa Joe 50 3 50 |} ns 2 
“RAS precharge time _ 60 | (one ns 

RAS pulse width 2 80 | 10000.) 100 | 10,000 ns 

| RAS hold time 7 RSH | 20 250 ns of 
CAS hold time 7 _ tcsH 80 100 ns | 

CAS pulse width - _tcas | 20] 10,000! 25] 10,000} ns 

RAS to CAS delay time 7 7 taco | 20 60} 25 _75| ns 4 
RAS to column address delay time _ _ | tran =| (15 40 | 20 50_ ns 11 
CAS to RAS precharge time _ | tere S| 10 ns 

Row address set-up time _ - [ tasR 0 ; O ns 

| Row address hold time tRAH 10 15 ns i 
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AC CHARACTERISTICS (continued) 


Standard Operation 


Column address set-up time 





KM44C1000/L-8 |KM44C1000/L-10 











Column address | hold time 


















Column Address to RAS. lead time 








| Read command set-up time 





Read cc command hold. referenced to CAS ; 





Read command hold referenced to. RAS _ 





= es ee ae ee eee rene 





Write command hold time 





Write command hold referenced to RAS” 





Write: command pulse width 





Write command to RAS lead time eee 





Write command to CAS lead time este 





Data-in set-up time 
| Data-i | hold: time 
_Data- in hold. referenced t to RAS. 7 


Refresh | period (1024 cycles), 


Refresh period (for L-Version, 1024 cycles) 


| Write command set-up time 
CAS to write enable delay | 




















Le 
“Column address to W delay time. 


RAS | to write enable delay os phate ace ened trwo 1 





CAS t hold time. (CAS before RAS refresh) 


RAS t to. CAS precharge time 
Refresh counter test CAS precharge. time _ 





Access time from. CAS precharge 


| Fast Page. mode cycle time 








CAS _Setup time (CAS before RAS refresh) “acnadista cies SOSRE 

















CAS precharge time (Fast. page) aoe 











RAS hold time from TAS precharge 











Fast page mode read-modify-write 





| RAS pulse width (Fast page mode) 





| Write Command set- up time (Test mode in) 








| Write command hold time (Test mode in) 











| W to RAS precharge time (CAS before RAS refresh) 


CMOS DRAM 







Unit Notes 








10 
10 


oOo oO @O © 











W to RAS hold time (CAS before RAS refresh) 





RAS hold time referenced to OE 





OE access time 








| OE to data delay 
| Output buffer turn off delay time from OE 

















| OE command hold time 
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TEST MODE CYCLE (Note. 12) 
KM44C14 oooiL- 8 KM44C1000/L- 10 
Standard Operation Symbol es 1 Unit | Notes 
| Min Max Min Max 
"Random read or write cycie time Oe trc | 155} sf 185 | {ons = 
Read-modify-write cycle time 7 | trwe | PAO) vs - 9, ‘| 250 ‘rn ns | 
Aocess ume from RAS - |. trac | ee... 24, J05; ns | 3,4 
RACERS time from CAS | teac_ | } 25 eee ee 30} ns | 3,4,5 
, Access time from column address | taa 7 ee 2 ee | 55) ns _ | 3,11 | 
RAS pulse width | tras | 85] 10,000) 105] 10,000| ns | | 
| CAS pulse width . | 25| 10,000/ 30{ 10,000; ns | 
RAS hold time | tooo = 25] | 0 nee 
| CAS hold time tcsH | 85;  ———-«|{ 105] [ns || 
| : Column address to RAS | lead time _tRaAL 45{ st 55 ; ns dee. 
! CAS to write enable delay _ tcwo ole | 65 he {_ns if 28: 
| RAS to write enable delay | trwo ASS) et 140/ [ons By | 
Column address to W delay time - oe ,__tawp 7 { 90 ie | ns e., 
| Fast Page mode cycle time. capasepitie ttn well POLS op TOON ce ech OO _| ons _ 
| Fast page mode read-modify-write eae | teawe 5 os ne _[130) {ons | 
(ioe eee cia l8 21) ar ee 1 trasp | 85 | 100,000 | 105} 100,000} ns | | 
Access time from CAS precharge step | ee od eee ee 65] ns | 3 
_OE access time ee a seis HOON 5 ens as OO BS on 
OE to data delay _ ee | toceo | 25) | 30), I ns_| yoni | 
SE command holdtime tos | | ft ms | 


NOTES 8. twcs, tawo, tcwp and tawp are non restrictive 
operating parameters. They are included in the data 
1. An initial pause of 200us is required after power- sheet as electrical characteristics only. If 
up followed by any 8 CAS-before-RAS or RAS on- twos2twcs(min) the cycle is an early write cycle 
ly refresh cycles before proper device operation is and the data out pin will remain high impedance for 
achieved. the duration of the cycle. If tewo2tcwp(min) and 
2. Virymin) and Vitimax) are reference levels for measur- tawo2trwo(min) and tawp2tawp(min), then the cy- 
ing timing of input signals. Transition times are cle is a read-write cycle and the data out will con- 
measured between Virimin) and Vit(max), and are tain the data read from the selected address. If 
assumed to be Sns for all inputs. neither of the above conditions are satisfied, the 
3. Measured with a load equivalent to 2 TTL loads and condition of the data out is indeterminate. 
1 00pF g. Either tacH or tarH must be satisfied for a read 
4. Operation within the trcp(max) limit insures that cycle. 
tRactmax) Can be met. trcpimax) iS specified as a 10. These parameters are referenced to the CAS 
reference point only. If tacp is greater than the leading edge in early write cycles and to the W 
specified trcpimax) limit, then access time is con- leading edge in read-write cycles. 
trolled exclusively by tcac. 11. Operation within the trap(max) limit insures that 
5. Assumes that taco2tRcpimax). trac(max) can be met. trap(max)'is specified as a 
6. tar, twor, tor are referenced to trap (max). reference point only. If trap is greater than the 
7. This parameter defines the time at which the out- . specified trap(max) limit, then access time is con- 
put achieves the open circuit condition and is not trolled by taa. 
refernced to Vox or VoL. _ 12. These specifications are applied in the test mode. 
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TIMING DIAGRAMS 
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WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 

















































—_ tre ——| 
— tras trp | 
Eo 
tcre |[ "sx ‘ 
|. trep tRSH 7 tcre 
pe Vin— tcs 
CAS ae \ 
tasr tRAH tcaH 
ViH— FOVYY ¥ (NXX) 0) UX XKAKAKXXYXAKKAAVVY XX XX VY 
A vu YOO scones PAY _Aooness SOAK AX 
tasc 
rs Vin- ores “_e . Tin aa, 2 AAS ¢ YYYYVY Y A/V KA KK) 
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toEH 
ee 
a= Vin—- WYY 0.9,° TY KXXXXXXXAYKVYY » CANVVVYV 
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ViH— KIT . a1 3 A'S 6 B'A'D’A' A'S B'D DAA AA TXKKKX) 
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READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS continued) 
FAST PAGE MODE READ CYCLE 
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TIMING DIAGRAMS 6 continued) 
FAST PAGE MODE READ-MODIFY-WRITE 
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TIMING DIAGRAMS 6 continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 
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CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: OE, Address = Don’t Care 
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TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 




















































; torr i | _ tacp oe ee — tcHR 
a AT 
+ EEN aah Bis MBE RERED 
= SO RRR re re RT 
EEE 
wea. Yo ERURW ome UTR ERE 
be toHn¢ KX DON'T CARE 





& SAMSUNG “ 


~ Electronics 


KM44C1000/L | CMOS DRAM 





TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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TIMING DIAGRAMS Continued) 


TEST MODE IN CYCLE 
NOTE: OE, Address=Don't Care 
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TEST MODE DESCRIPTION 


The KM44C1OOO/L is the RAM organized 1,048,576 
words by 4 bit, it is internally organized 524,288 words 
by 8 bits. In “Test Mode”, data are written into 8 sec- 
tors in parallel and retrieved the same way. Column ad- 
dress bit AO is not used. If, upon reading, two bits on 
one I/O pin are equal (all ‘1's or ‘O’’s), the I/O pin in- 
dicates a ‘‘1"’. If they were not equal, the I/O pin would 
indicate a “O”’. In ‘Test Mode”, the 1MX4 DRAM can 
be tested as if it were a 512KX4 DRAM. 
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“W, CAS-Betore-RAS Cycle (Test Mode in Cycle) puts 
the device into “Test Mode”. And “CAS-Before-RAS 
Refresh Cycle” or “RAS only Refresh Cycle” puts it back 
into ‘Normal Mode’. The “Test Mode” function reduces 
test times (1/2 in case of N test pattern). 
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DEVICE OPERATION 


Device Operation 


The KM44C1000/L contains 4,194,304 memory loca- 
tions. Twenty address bits are required to address a par- 
ticular memory location. Since the KM44C1000/L has 
only 10 address input pins, time multiplexed addressing 
is used to input 10 row and 10 column address. The 
multiplexing is controlled by the timing relationship bet- 
ween the.row address strobe (RAS), the column address 
strobe (CAS) and the valid row and column address 
inputs. 


Operating of the KM44C1000/L begins by strobing in 
a valid row address with RAS while CAS remains high. 
Then the address on the 10 address input pins is chang- 
ed from a row address to a column address and is strobed 
in by CAS. This is the beginning of any KM44C1000/L 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The cy- 
cle is terminated when both RAS and CAS have return- 
ed to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (tre) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, trp, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM44C1000/L begin a complex sequence of events. 
If the sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. If CAS goes low 
before trcp(max), the access time to valid data is 
specified by trac. If CAS goes low after tacp(max), the 
access time is measured from CAS and is specified by 
tcac. In order to achieve the minimum access time, 
trac(min), it is necessary to bring CAS low before 
taco(max). 


Write 

The KM44C1000/L can perform early write, late write 
and read-modify-write cycles. The difference between 
these cycles is in the state of data-out and is determin- 
ed by the timing relationship between W and CAS. In any 
type of write cycle, Date-in must be valid at or before 
the falling edge of W or CAS, whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common |/O applications because 
the data-in and data-out pins may be tied together without 
bus contention. 


Read-Modify-Write: \n this cycle, valid data from the ad- 
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca- 
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write cycle tim- 
ing requirements. This cycle requires using a separate 
1/O to avoid bus contention. 


Late Write: \f W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, trwo, tcwo and tawop, are not necessarily 
met. The state of date-out is indeterminate since the out- 
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate |/O to 
avoid bus contention. 


Data Output 

The KM44C1000/L has a three-state output buffer which 
is controlled by CAS. Whenever CAS is high (Vin) the 
output is in the high impedance (Hi-Z) state. In any cy- 
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tciz after the falling edge of CAS. Invalid data may be 
present at the output during the time after tcLz and 
before the valid data appears at the output. The timing 
parameters tcac, trac and taa specify when the valid 
data will be present at the output. The valid data remains 
at the output until CAS returns high. This is true even if 
anew RAS cycle occurs (as in hidden refresh). Each of 
the KM44C1000/L operating cycles is listed below after 
the corresponding output state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-before-RAS Refresh, CAS-only 
cycle. OE controlled write. 


Indeterminate Output State: Delayed Write 


Refresh 

The data in the KM44C1000/L is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
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DEVICE OPERATION (Continued) 


16/128 (L-version)ms. There are several ways to ac- 
complish this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 


CAS-before-RAS Refresh: The KM44C1000/L_ has 
CAS-before-RAS on-chip refreshing capability that 
eliminates the need for external refresh addresses. If CAS 
is held low for the specified set up time (tcsr) before 
RAS goes low, the on-chip refresh circuity is enabled. 
An internal refresh operation automatically occurs. The 
refresh address is supplied by the on-chip refresh ad- 
dress counter which is then internally incremented in 
preparation for the next CAS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM44C1000/L hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
KM44C1000/L by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. These are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


Fast Page Mode 

The KM44C1000/L has Fast Page mode capability. Fast 
Page mode memory cycles provide faster access and 
lower power dissipation than normal memory cycles. In 
Fast Page mode, it is possible to perform read, write or 
read-modify-write cycles. As long as the applicable tim- 
ing requirements are observed, it is possible to mix these 
cycles in any order. A Fast Page mode cycle begins with 
anormal cycle. Then, while RAS is kept low to maintain 
the row address, CAS is cycled to strobe in additional 
column addresses. This eliminates the time required to 
set up and strobe sequential row address for the same 
page. Up to 2048 memory cells can be accessed with 
the same row address. 


CAS-Before-RAS Refresh Counter 


Test Cycle 
A special timing sequence using the CAS-before-RAS 


counter test cycle provides a convenient method of veri- 
fying the functionality of the CAS-before-RAS refresh ac- 
tivated circuitry. 


After the CAS-before-RAS refresh operation, if CAS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 


This is shown in the CAS-before-RAS counter test cy- 
cle timing diagram. A memory cell can be addressed with 
10 row address bits and 10 column address bits defin- 
ed as follows: 


Row Adadress—Bits Ao through Ag are supplied by the 
on-chip refresh counter. 


Column Address—Bits Ao through Ag are strobedin by 
the falling edge of CAS as in a normal memory cycle. 


Suggested CAS-Before-RAS Counter 


Test Procedure 
The CAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 


1. Initialize the internal refresh counter by performing 
8 CAS-before-RAS cycles. 

2. Write a test pattern of “lows” into the memory cells 
at a single column address and 1024 row addresses. 
(The row addresses are supplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the ‘lows’ writ- 
ten during step 2 and write “highs” into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

4. Read the “highs” written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


Power-up 

If RAS=Vss during power-up, the KM44C1000/L could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. It is recommended that RAS and CAS track 
with Vcc during power-up or be held at a valid Vin in 
order to minimize the power-up current. 


An initial pause of 200us is required after power-up flow- 
ea ov any 8 CAS-before-RAS or RAS only refresh cycles 
before proper device operation is achieved. 
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PACKAGE DIMENSIONS 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 
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1MX4 Bit CMOS Dynamic RAM with Static Column Mode 


FEATURES 


¢ Performance range: 


KM44C1002- 8 
KM44C1002-10 








Static Column Mode operation 

CS-before-RAS refresh capability 

RAS-only and Hidden Refresh capability 

8-bit fast parallel test mode capability 

TTL compatible inputs and output 

Early Write or Output Enable Controlled Write 
Single +5V+10% power supply 

1024 cycles/16ms refresh 

JEDEC standard pinout 

Available in Plastic SOJ, ZIP 


FUNCTIONAL BLOCK DIAGRAM 





CONTROL & 
CLOCK 






=| 3 | 


REFRESH CONTROL & 
ADDRESS COUNTER 






















ea COLUMN DECODER 
— SENSE AMPS & I/O 
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MEMORY ARRAY 
1,048,576X4 Cells 







ROW DECODER 





ADDRESS BUFFERS 


Ag 


GENERAL DESCRIPTION 


The Samsung KM44C1002 is a high speed CMOS 
1,048,576 bit X 4 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 


The KM44C1002 features Static Column Mode opera- 
tion which allows high speed random or sequential ac- 
cess within a row. Static Column Mode operation offers 
high performance while relaxing many critical system tim- 
ing requirements for fast usable speed. 


CS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only refresh. All inputs 
and output are fully TTL compatible. 


The KM44C1 002 is fabricated using Samsung's advanc- 
ed CMOS process. 


PIN CONFIGURATION (top views) 


¢ KM44C1002Z2 


¢ KM44C1002J 





























Pin Name Pin Function 
Ao-Ag Address Inputs 
DQ1-DQ4 Data In/Out 7 
Ww Read/Write Input 
OE Data Output Enable 
RAS Row Address Strobe 
‘CS Chip Select Input 
| Voc Power (+5V) | 
Vss Ground 











ae SAMSUNG 


171 





KM44C1002 CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS* 





Vin, Vout 





Voltage on Any Pin Relative to Vss 1 1S st F450: | 
















Voltage on Vcc Supply Relative to Vss Voc ‘=1 to-+7.0 V 
| Storage Temperature Tstg —55to +150 si °C 
| Power Dissipation __ Pp a 600 mw 








Short Circuit Output Current los 50 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 

















RECOMMENDED OPERATING CONDITIONS (voltage reference to Vss, Ta=0 to 70°C) 








Supply Voltage 
Ground _ a _Vss ie 0 
_ Input High Voltage 











S Input Low Voltage 























DC AND OPERATING CHARACTERISTICS (0°c<ta<70°C, Vec=5V+10%) 


(Recommended operating conditions unless otherwise noted) 



























































Parameter Symbol Min Max Unit 
Operating Current* KM44C1002- 8 _— 100 mA 
(RAS, CS, Address Cycling @ tac=min) KM44C1002-10 al — | 85 mA 
Standby Current 
_ (RAS=CS=Vin) Icc2 = 2 mA 
RAS-Only Refresh Current* KM44C1002- 8 - 100 mA 
(RAS Cycling, CS=Vin, @ tao=min) KM44C1002-10 cs | — | 85 | ma 
Static Column Mode Current* KM44C1002- 8 — 70 mA 
[ (RAS=CS=Vi_, Address cycling: @ tsc=min.) KM44C1002-10 if ces {= 60 mA 
Standby Current _ 1 A 
(RAS=CS=Voc-0.2V) ro [ ao 
CS-Before-RAS Refresh Current* KM44C1002- 8 ' — 100 mA 
(RAS and CS cycling @ tac=min.) KM44C1002-10 oe — 85 | mA 
Standby Current i 5 ak 
a (RAS=Vin, CS=Vi_ Dout=Enable) al: CC7 fi 
Input Leakage Current 
(Any input O<Vin<6.5V, he -—10 10 pA 
all other pins not under test=O volts.) [ | 
Output Leakage Current 2 
(Data out is disabled, OV<Voyr<5.5V) lon Onis “pees oi, he 
Output High Voltage Level (lon=—5mA) VOH 2.4 aan 
Output Low Voltage Level (loL=4.2mA) VoL — 0.4 V 


*NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Icc is specified as an average 
current. Specified value_are obtained with the output open. Icc1, Icc3, lcce, Address can be changed max- 
imum two times while RAS=ViL. Icc4, Address can be changed maximum once while CAS=Vip. 
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CAPACITANCE (1,=25°c) 






Input Capacitance (Ao-Ag) Cini 
| Input Capacitance (RAS, CS, W, OE) Cin2 
Output Capacitance (DQ;-DQa) Court — 7 pF 























AC CHARACTERISTICS (0°csta<70°C, Vec=5.0V+10%, See notes 1,2) 


KM44C1002-8 | KM44C1002-10 
Standard Operation Symbol Unit | Notes 


Min Max Min Max 









Le 
Random read or write cycle time 







































































Read-modify-write cycle time oie trwc 205 245 ns 
| Static column mode cycle time eee eo 45 _ 55 ns 

Static column mode read-write cycle time 7 tsrwc | 110 135 | ns - 
| Access time from RAS, a I tac _| 80 100 | ns |3,4,11| 
Access time from CS _ tcac 320 25| ns |3,4,5 
Access time from column address | taa | 40 50 | ns |3,11 

| Access time from last write __  tacw (éSSen 95; ns {3,12 
CS to output in Low-Z _ a teiz 5 Hl). 28 ns {3,12 
| Output buffer turn-off delay toFF _0 15 O 20| ns | 7 
| Output data hold time from column address _ taoH 5 5 _ ns [ 
| Output data enable time from W ; 

Transition time (rise and fall) _ 

RAS precharge time 





AS pulse width 


RAS pulse width (static column mode) 





thas 80 100,000 | 100 | 100,000 | ns 

















RAS hold time tRsH 20 25 ns 
CS hold time _ ; tosH 80 100 ns | 
CS pulse width tes 20| 10,000} 25} 10,000 ns 





iO}: 


S pulse width (static column mode) _ 


20 | 100,000 25 | 100,000 | ns 





DJ | a 
H 
i i ! 
i t 
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: i 
i i } 
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| os bor 
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tow 50) | 7O| ns | 
tr 3 Pees 50 3 50} ns 2 
tap 60 70 ns 

80! 10,000|100} 10,000] ns 






























































RAS to CS delay time — trcp 20 60; 25 75} ns 4 
RAS to column address delay time tRaD 15 | _ 40; 20 50] ns 11 
CS to RAS precharge t time = tcrp 5 10 ns 

CS precharge time (static column mode) _ aa top 10 : 10 ns 

| Row address set-up time ee ___|_tasr 0 0 ns 

Row address hold time fA _tRAH | 10; 15 ns | 
| Column address set-up time Mars tasc. __ 0 | 0 ns 
Column address hold time ee tCAH 15 20 ns 

Write address hold time referenced to RAS 7 tawre ie 65 75 ns 6 
| Column address hold referenced to RAS tar 60 75 ns 
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AC CHARACTERISTICS (Continued) 


Standard Operation 


Column Address to RAS lead time 








tRAL 


KM44C1002-8 | KM44C1002-10 






































































Column address hold time referenced to RAS rise taH ns | 
Last write to column address delay time tLWaAD 25 35! 25 45] ns 
Last write to column address hold time taHLw 75 95 ns 
Read command set-up time trcs 0 0 ns 
Read command hold referenced to CS tRCH 0 0 ns 9 | 
Read command hold referenced to RAS trRH 0 ¢) ns 9g 
Write command hold time twcH 15 20 1 ns 
Write command hold referenced to RAS twcr 60 75 ns 6 
Write command pulse width twp 15 20 ns 
Write command inactive time tw 10 | 10 ns | 
Write command to RAS lead time tRWe 
| Write command to CS lead time tow. | 





Data-in set-up time 
Data-in hold time 

Data-in hold referenced to RAS 
Refresh period (1024 cycles) 













tos 


tREF 
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Write command set-up time 8 
CS to W delay time 8 
RAS to W delay time 8 
| Column address to W delay time | 8 
CS setup time (C-B-R refresh) tcsR__| (10 10 ns | 

CS hold time (C-B-R refresh) tcHR 30 30 ns 

RAS percharge to CAS hold time trec 0 0 ns 

CS precharge (C-B-R counter test) tcpT 40 50 ns 

Write command set-up time (Test mode In) twts 10 10 ns 

Write command hold time (Test mode In) twTH 10 10 ns 

W to RAS precharge time (C-B-R refresh) twrp 10 10 ns 

W to RAS hold time (C-B-R refresh) twRH 10 | 10 ns 

RAS hold time referenced to OE tROH 20 20 [ns 

OE access time toEa 20 25] ns 

OE to data delay toep | 20 25 ns 
Output buffer turn off delay time fron OE toEz 0) 20 | @) 25 | ns 
| OE command hold time toEH 20 25 ns 

Pit} 
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TEST MODE CYCLE (Note. 13) 
KM44C1002-8 | KM44C1002-10 
Parameter Unit | Notes 
Min Max Min Max 
| Random read or write cycle time, ntl 
Read-modify-write cycle time 210 250 ns 
Access time from RAS 7 2 85 105) ns |3,4,11 
Access time from CS __ 7 25 | | 30| ns [3,4,5 
Access time from column address _ ; ; 45 | _) _ 55 |_ns [3,14 
| RAS pulse width 85} 10,000/105!| 10,000; ns 
CS pulse width tcs 25 10,000} 30] 10,000: ns 
RAS hold time 7 trash | 25 _| 30 ns 
CS hold time oe ; : tcsH 85 {105 ___|_ns 
Column address to RAS lead time tRAL 45 | D5 |_ns | 
CS to W delay time _ ; tcwo 25 30 _ns 8 
RAS to W delay time tawo =| 115 140 ns 8 
| Column address to W delay time tawp 75 | 90 | ; ns | 8 | 
| Static column mode cycle time tsc 50 | _ 60 [ns an | 
| Static column mode read-modefy-write 115 140| | ns | 
| RAS pulse width (Static column mode) ee 85 100,000 | 105 ; 100,000 | ns 
‘Access time from last write _ | sof | 100] ns [3,12 |. 
| CS pulse width (static column mode) 25 !|100,000 | 30] 100,000! ns 











NOTES 


1. 


NOOO 


An initial pause of 200us is required after power- 
up followed by any 8 CS-before-RAS or RAS on- 
ly refresh cycles before proper device operation is 
achieved. 


. Viximin) and Vit(max) are reference levels for measur- 


ing timing of input signals. Transition times are 
measured between ViH(min) and Vit(max), and are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads and 


100pF 


. Operation within the trcpimax) limit insures that 


tRAc(max) Can be met. tRcpimax) is specified as a 
reference point only. If tacp is specified as a 
reference point only. If tacp is greater than the 
specified trcpimax) limit, then access time is con- 
trolled exclusively by tcac. 


. Assumes that tacp>trcpmax)- 
. tawr, twer, toHr are referenced to trapimax) 
. This parameter defines the time at which the out- 


put achieves the open circuit condition and is not 
refernced to Vou Or VoL. 


. twcs, trwo, tcwp and tawp are non restrictive 


operating parameters. They are included in the data 
sheet as electrical characteristics only. If 





9. 


10. 


11. 


12. 


13. 




















twcs2twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. If tcwo2tcwpimin) and 
trwo2trRwp(min) and tawo2tawomin), then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

Either tacH or taRH must be satisfied for a read 
cycle. 

These parameters are referenced to the CS leading 
edge in early write cycles and to the W leading edge 
in read-write cycles. 

Operation within the trapimax) limit insures that 
tRac(max) Can be met. trap(max) is specified as a 
reference point only. If trap is greater than the 
specified trapimax) limit, then access time is con- 
trolled by taa. 

Operation within the tiwapmax) limit insures that 
taLwimax) Can be met. trwapimax) is specified as a 
reference point only. If t.wap is greater than the 
specified tLwapimax) limit, then access time is con- 
trolled by taa. 

These specifications are applied in the test mode. 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS (Continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 
fs 




























































































> tro — 
a tras _— tap — 
2 =: Viq— inh 
RAS Vi— 
tcsH 
tcrp tcrp-——— 
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as Viq— ; 
w/o RE = 
ASR| {tran [| RAL 
Vn RNR aon WT aie HUN OUN COOH OH AUAUNIU00050507 
: Vit— XXX XXX ( iSshess } y es. OXXXXXX XXXXX XXX KX XY 
tcwL-—— 
tRWL 
— Vin— VV VVVVVVVVJVVVVVVV VV VV VV (A/V VV VVV VV VVV VY YY VVVYYVYVYVYVV 
va XXXRXERAXXY RY KKAXKXNR "SBR RR KKAAXEX ORK 
toEH 
OE WH WYYKRAXRKRERRARIRR KA ROOK XXAAX KK AXA AALS KA AKAD 
Vit— XX XXXX .4,9,9.6.9,4.0.0.0,9,9 4.9,9,9.9,9,9,0,06.6.0,0.0.9.0,9,0.9; .99.4,0.9,0.9,0,4.4 
tDH 
Vip— AIYVVV > OTT VYVVVVVVVVVVVVYVYVYVYVVVY 
D0; Wy ORYAAXXAK_ vaso oarain ASA AX LA KX KKXXIAK 
READ-WRITE/READ-MODIFY-WRITE CYCLE 
Views eee ote 
= Vin— * $$$ $$ $$$ tA =< " 
RAS ice 
tcrp [ fe / 2 oof tcrP 
H—- VY tcs 
cs ie XY trad 
tasR ee cee 
Vine- ¢: VV \) ai ps KKK RAK XX) XK KXAN) 
A eT RR acoress MY coum pores XANAX XXX 
| tcwo —||- tow. 
= trawp —|-- tRWL — 
H— | twe-—| LIRR RRR S 
w es BP TAOOQOOKNK 
toEA 
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TIMING DIAGRAMS (continued) 
STATIC COLUMN MODE READ CYCLE 
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= Vip —— tosc tcsc 
cs Vv tRRH 
IL— 
tRcs [ ice tRCH 
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TIMING DIAGRAMS (continues 


STATIC COLUMN MODE WRITE CYCLE (CS controlled early write) 


tre 
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TIMING DIAGRAMS (Continued) 
STATIC COLUMN MODE MIXED CYCLE 
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RAS-ONLY REFRESH CYCLE 
NOTE: W, OE = Don’t Care 
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TIMING DIAG RAMS (Continued) 


CS-BEFORE-RAS REFRESH CYCLE 
NOTE: OE, A=Don’t Care 

































os, Vin— 
RAS 

Vit— 
a Vin— OT AAKAAAAAAAAAS 
ie RXR RXR 

twrp twRH 

Vie OITA AKA AAARAARAAARAKIAAAIAIIARAAAAAAIARARY 

W Vi ORR RK KKK KKK KKK 
torr 

papa,  ‘HoH™ OPEN 

VvoL — 


HIDDEN REFRESH CYCLE (READ) 










































































































cs 

. oD 

- LAINIE 
«TERT ETON 
ee Ses 


ed DON'T CARE 





# SAMSUNG 181 


ca Electronics 


KM44C1002 CMOS DRAM 





TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS 6 continued) 
CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
|__tap 


RAS Vin-~ SS RAs 
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TIMING DIAGRAMS 6 continued) 


TEST MODE IN CYCLE 
NOTE: OE, Address=Don’t Care 

















oe Vi— 
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Vit— 
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W A XXXAXKAAAXY 
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TEST MODE DESCRIPTION 


The KM44C1002 is the RAM organized 1,048,576 
words by 4 bit, it is internally organized 524,288 words 
by 8 bits. In ‘Test Mode’, data are written into 8 sec- 
tors in parallel and retrieved the same way. Column ad- 
dress bit Ao is not used. If, upon reading, two bits on 
one I/O pin are equal (all ‘“‘1”’s or “O’’s), the 1/O pin in- 
dicates a “1’’. If they were not equal, the I/O pin would 


YY 


(XY V/V XX 
AXXN, 





(y VV KX 


YY XXXXXKKX YY XY XXXKKKKKK KKK Y) 
RK KK REY 


RRRKXRXN TERN RARRRYE 
ALK 


XXX XX) 
SR iin 


OPEN 





XX] DON’T CARE 


indicate a ‘0’. In ‘Test Mode”, the 1MX4 DRAM can 
be tested as if it were a 512KX4 DRAM. W, CS Before 
RAS Cycle (Test Mode in Cycle) puts the device into 
“Test Mode”. And “CS Before RAS Refresh Cycle” or 
“RAS only Refresh Cycle’ puts it back into “Normal 
Mode”. The “Test Mode” function reduces test time (1/2 
in cases of N test pattern). 
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DEVICE OPERATION 


Device Operation 

The KM44C1 002 contains 4,194,304 memory locations 
organized as 1,048,576 four-bit words. Twenty ad- 
dress bits are required to address a particular 4-bit word 
in the memory array. Since the KM44C1002 has only 
10 address input pins, time multiplexed addressing is us- 
ed to input 10 row and 10 column addresses. The 
mutliplexing is controlled by the timing relationship bet- 
ween the row address strobe (RAS), the chip select in- 
put (CS) and the valid row and column address inputs. 


Operating of the KM44C1002 begins by strobing in a 
valid row address with RAS while CS remains high. Then 
the address on the 10 address input pins is changed from 
a row address to a column address and is strobed in by 
CS. This is the beginning of any KM44C1002 cycle in 
which a memory location is accessed. The specific type 
of cycle is determined by the state of the write enable 
pin and various timing relationships. The cycle is ter- 
minated when both RAS and CS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time (trp) 
requirement. 


RAS and CS Timing 

The minimum RAS and CS pulse widths are specified by 
tras(min) and tcs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CS pulse widths. In addition, a new 
cycle must not begin until the minimum RAS precharge 
time, trap, has been satisfied. Once a cycle begins, in- 
ternal clocks and other circuits within the KM44C1002 
begin a complex sequence of events. If the sequence 
is broken by violating minimum timing requirements, loss 
of data integrity can occur. 


Read 

Aread cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. But the access time also depends on the falling 
edge of CS and on the valid column address transition. 


if CS goes low before tacp(max) and if the column ad- 
dress is valid before trap(max) then the access time to 
valid data is specified by trac(min). However, if CS goes 
low after tacp(max) or if the column address becomes 
valid after taap(max), access is specified by tcac or taa. 
In order to achieve the minimum access time, trac(min), 
it is necessary to meet both trcp(max) and trap(max). 


The KM44C1002 has common data I/O pins. For this 


reason and output enable control input (OE) has been 
provided so the output buffer can be precisely controll- 
ed. For data to appear at the outputs, OE must be low 
for the period of time defined by toca and toez. 


Write 

The KM44C1002 can perform early write and read- 
modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between W, OE and CS. In any 
type of write cycle, Date-in must be valid at or before 
the falling edge of W or CS, whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CS. The 4-bit wide data at the data in- 
put pins is written into the addressed memory cells. 
Throughout the early write cycle the outputs remains in 
the Hi-Z state. In the early write cycle the output buffers 
remain in the Hi-Z state regardless of the state of the OE 
input. 


Read-Modify-Write: In this cycle, valid data from the ad- 
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca- 
tion. This cycle is achieved by bringing W low after CS 
and meeting the data sheet read-modify-write cycle tim- 
ing requirements. The output enable input (OE) must be 
low during the time defined by toe, and toez for data to 
appear at the outputs. If tcwp and trwp are not met the 
output may contain invalid data. Conforming to the OE 
timing requirements prevents bus contention on the 
KM44C1002’s DQ pins. 


Data Output 

The KM44C 1002 has a three-state output buffer which 
is controlled by CS and OE. Whenever CS or OE is high 
(Vin) the output is in the high impedance (Hi-Z) state. In 
any cycle in which valid data appears at the output the 
output goes into the low impedance state in a time 
specified by tcz after the falling edge of CS. invalid data 
may be present at the output during the time after tcLz 
and before the valid data appears at the output. The tim- 
ing parameters tcac, trac and taa specify when the valid 
data will be present at the output. This is true even if a 
new RAS cycle occurs (as in hidden refresh). Each of 
the KM44C1002 operating cycle is listed below after 
the corresponding output state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Static Column Mode Read, Static Column Mode 
Read-Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, < Static 
Column Mode Write, CS-before-RAS Refresh, CS-only 
cycle. OE controlled write. 
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DEVICE OPERATION (Continued) 


Indeterminate Output State: Delayed Write 


Refresh 

The data in the KM44C 1002 is stored ona tiny capacitor 
within each memory cell. Due to leakage the data may 
leak off after a period of time. To maintain data integrity 
itis necessary to refresh each of the rows every 16 ms. 
There are several ways to accomplish this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CS remains high. This cycle must 
be repeated for each row. 


CS5-before-RAS Refresh. The KM44C1002 has CS- 
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If CS is held low 
for the specified set up time (tcsr) before RAS goes 
low, the on-chip refresh circuitry is enabled. An internal 
refresh operation automatically occurs. The refresh ad- 
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CS active time and cycling RAS. The 
KM44C1002 hidden refresh cycle is actually a CS- 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 


Other Refresh Methods: Itis also possible to refresh the 
KM44C1002 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, ail the cells in that 
row are automatically refreshed. There are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CS- 
before-RAS refresh is the preferred method. 


Static Column Mode 

Static Column Mode allows high speed read, write or 
read-modity-write random access to all the memory cells 
within a selected row. Operation within a selected row 
is similar to a static RAM. The read, write or readmodify- 
write cycles may be mixed in any order. 


A Static Column mode read cycle starts as a normal cy- 
cle. Additional cells within the selected row are written 
by applying a new column address while W=ViH and 
RAS=Vi. 


A Static Column mode write cycle starts as a normal cy- 
cle. Additional cells within the selected row are written by 
applying a new column address while RAS=Vi_ and tog- 


giling either W or CS. The data is written into the cell 
trigered by the latter falling edge of W or CS. 


CS-before-RAS Refresh Counter Test 
Cycle 

A special timing sequence using the CS-before-RAS 
refresh counter test cycle provides a convenient method 
of verifying the functionality of the CS-before-RAS refresh 
activated circuitry. 


After the CS-before-RAS refresh operation, is CS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 


This is shown in the CS-before-RAS counter test cycle 
timing diagram. A memory cell can be addressed with 
10 row address bits and 10 column address bits defin- 
ed as follows: 


Row Address—Bits Ao through Ag are supplied by the 
on-chip refresh counter. 


Column ADdress—Bits Ao through Ag are strobed-in by 
the falling edge of CS as in a normal memory cycle. 


Suggested CS-before-RAS Counter Test 


Procedure 
The CS-before-RAS refresh counter test cycle timing is 
used in each of the following steps: 


1. Initialize the internal refresh counter by performing 
8 cycles. 

2. Write a test pattern of “lows” into the memory celis 
at a single column address and 1024 row address. 
(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycles, read the “lows” writ- 
ten during step 2 and write “‘highs” into the same 
memory locations. Perform this step 512 times so 
that highs are written into the 512 memory cells. 

4. Read the “highs” written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


Power-up 

IF RAS=Vss during power-up, the KM44C1002 could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. It is. recommended that RAS and CS track 
with Vcc during power-up or be held at a valid Vin in 
order to minimize the power-up current. 


An initial pause of 200ys is required after power-up 
followed by any 8 CS-before-RAS or RAS only refresh 
cycles before proper device operation is achieved. 
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PACKAGE DIMENSIONS 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.030 (0.76) 
MIN 
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W110 Oo }]w ee 
+1 2188/18 ola 
eel ie} 219 Ale 8ls 
o}c0 Slocle ola 





0.670 (17.02) 0.148 (3.76) 
0.680 (17.27) MAX 
0.004 (0.1) 
0.050 (1.27) 0.015 (0.38) 0.026 (0.66) 
TYP 0.021 (0.53) 0.032 (0.81) 
0.050 (1.27) 
MAX 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 








1.025 (26.04) 
1.035 (26.29) 


Lead 





: 





(8.26) 
35 (8.51) 


0.400 (10.16) 
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0.325 
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| =o 0.013 (0.33) 
Tt 
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1MX4 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES GENERAL DESCRIPTION 


* Performance range: The Samsung KM44C1000A is a high speed CMOS 
1,048,576 bit X 4 Dynamic Random Access Memory. 
Ptr | tcac | tre Its design is optimized for high performance applications 

KM44C1000A- 7 such as mainframes and mini computers, graphics and 
ee a = -4 ae high performance microprocessor systems. 





KM44C1000A- 8 








KM44C1000A-10 ¢ The KM44C1000A features Fast Page Mode operation 
which allows high speed random access of memory cells 

¢ Fast Page Mode operation within the same row. 
¢ CAS-before-RAS refresh capability = 
¢ RAS-only and Hidden Refresh capability CAS-before-RAS refresh capability provides on-chip auto 
*° 8-bit fase parallel test mode capability refresh as an alternative to RAS-only Refresh. All inputs 
¢ TTL compatible inputs and output and output are fully TTL compatible. 
¢ Early Write or output enable controlled write 
¢ Single +5V+10% power supply The KM44C1000A is fabricated using Samsung’s ad- 
* 1024 cycles/16ms refresh vanced CMOS process. 
e 


JEDEC standard pinout 
¢ Available in plastic DIP, SOJ, ZIP, and TSOP (Il) 


FUNCTIONAL BLOCK DIAGRAM 









me) 
> 
mn 


CONTROL & 









CAS CLOCK 
W 
REFRESH CONTROL & 
ADDRESS COUNTER 
BA COLUMN DECODER 
=n SENSE AMPS 8 I/O 
Ms 2 _ 
wif o OE 
We lw 
Ww Q 
218 MEMORY ARRAY 
o» | w 1,048,576X4 CELLS 
” Q 
uJ 
= 
510 
oO jem 
Ag as 
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KM44C1000A__ (2 CMOS DRAM. 


PIN CONFIGURATION (top views) 


© KM44C1000AP © KM44C1000AJ ¢ KM44C1000AZ 





(DIP) 





(TSOP (I) -Forward Type) (TSOP (Il) -Reverse Type) 






Pin Name 
Address Inputs 























DQ1-4 Data In/Out 

We W Read/Write Input 

L OE Data Output Enable 
RA Row Address Strobe 





Column Address Strobe 
Power (+5V) 
Ground 
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ABSOLUTE MAXIMUM RATINGS* 






Voltage on Any Pin Relative to Vss Vin, Vout —1 to +7.0 











































Voltage on Voc Supply Relative to Vss Vcc —-1 to +7.0 V 

Storage Temperature Tstg —55 to +150 °C 

Power Dissipation Pp 600 mW 
Short Circuit Output Current los 50 





* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=0 to 70°C) 








Supply Voltage 


























Ground Vss 0 V 
Input High Voltage VIH 2.4 V 
Input Low Voltage V 





DC AND OPERATING CHARACTERISTICS (0°c<ta<70°c, Voc=5.0V+10%) 


(Recommended operating conditions unless otherwise noted) 






































































Parameter Symbol Min Max Unit 
Operating Current* Se acon : 
(RAS, CAS, Address Cycling @ trc=min) KM44C1000A-10 as 85 ma 
| Standby Current 
(RAS=CAS=Vin) Icc2 2 mA 
a . KM44C1000A- 7 — | 105 mA 
oy Refresh Current KM44C1000A- 8 ieee on 95 oe 
(CASS nn ne Cycling: @ tna =i) KM44C1000A-10 23 85 | mA 
F KM44C1000A- 7 — 80 mA 
nest Page Mode Current KM44C1000A- 8] — Icca = 70 | mA 
(RAS=Vi_, CAS Cycling @ tpc=min.) KM44C1000A-10 = 60 aan 
Standby Current | = { A 
(RAS=CAS=W2Vcc-0.2V) eee nm 
CAS-Before-RAS Refresh Current* Pilate cell teaethae = Lea me 
=a Ka f : KM44C1000A- 8 loce _ 95 mA 
(RAS and CAS Cycling @ trc=min.) KM44C1000A-10 = 85 mr 
Standby Current . _ | 5 mA 
(RAS=Vin, CAS=ViL, Dout Enable) net 
Inout Leakage Current 
(Any input O<Vin<6.5V, lit —10 10 pA 
all other pins not under test=O volts) 
Output Leakage Current _ 
|__(Data out is disabled, 0<Vour<5.5V) low i ve | un 
Output High Voltage Level (lon=—5mA) | 2.4 — V 
Output Low Voltage Level (loL=4.2mA) 














*NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified value are obtained 
with the output open. Icc is specified as average current. Icc1, Icc3, Icce, Address can be be changed max- 
imum two times while RAS=ViL. icca Address can be changed maximum once while CAS=Vjn. 
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CAPACITANCE (t,=25°c) 


Input Capacitance (Ao-Ag) 
Input Capacitance (RAS, CAS, W, OE) 
Output Capacitance (DQ1-DQ,) 





















































































































































KM44C1000A-7 | KM44C1000A-8 | KM44C1000A-10 
Standard Operation Symbol Unit | Notes 
Min Min Max 
Random read or write cycle time 
Read-modify-write cycle time |_ trwe 185 245 ns 
Access time from RAS tRAC 100) ns |3,4,11 
Access time from CAS | tcac 25/ ns | 3,4,5 
Access time from column address | _taa | 50 |_ns 3,11 
| CAS to output in Low-Z icizs =|: 5 5 ns 3 
| Output buffer turn-off delay torr 20 | ns. 7 
| Transition time (rise and fall) tt 3 3 50 | ns 2 
| RAS precharge time tre =| 50] 70 ns 
| RAS pulse width tras 70 100 | 10,000 | ns 
| RAS hold time tasH_ | 20 25 ns 
CAS hold time tcsH_ | 70 100 ns 
CAS pulse width [ tcas | 20 25| 10,000 | ns | 
RAS to CAS delay time trop 20 25 75 | ns 4 
RAS to column address delay time [ trap 15 20 50 | ns 11 
CAS to RAS precharge time f tcrp 5 10 ns 
Row address set-up time : | tas 0 0 ns 
Row address hold time | tRAH 10 15 ns 
Column address set-up time tasc 0 0 ns 
Column address hold time tcaH 15 20 _|_ns 
Column address hold referenced to RAS tar 55 75 ns 6 
Column Address to RAS lead time tRAL 35 50 ns 
Read command set-up time tres ns 
Read command hold referenced to CAS tRCH 0 ns | 
Read command hoid referenced to RAS tRRH 0 0 ns 9 
Write command hold time [ twcH 15 20 ns 
Write command hold referenced to RAS _|_ twcr | 55 75 ns 6 
Write command pulse width twp 15 20 L ns L 
Write command to RAS lead time tRWL | 20 25 ns 
write command to CAS lead time tcwL 20 25 ns 
Data-in set-up time tos 0 0 ns 10 
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AC CHARACTERISTICS (continueg) 
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KM44C1000A-7 | KM44C1000A-8 | KM44C1000A-10 
Standard Operation Symbo Unit | Notes 
Min Max Min Max Min Max 
Data-in hold time tou 15 20 | ns | 10 
Data-in hold referenced to RAS tpHR 60 75 ns 6 
Refresh period (1024 cycles) tReF ja | 16 16 | ms | | 
Write command set-up time | _twes 0 0 ns 8 
CAS to write enable delay |_tcewo 50 60 | ns { 8 | 
RAS to write enable delay trwo 110 135 ns 8 
Column address to W delay time r tawp 70 | 85 ns | 8 
| CAS setup time (C-B-R refresh) if tcsr 10 | 10 | ns | 
| CAS hold time (C-B-R refresh) tcuR 30 |_30 ns 
RAS precharge to CAS hold time trec 10 10 - ns | 
CAS precharge (C-B-R counter test) tcpt 40 50 ns 
Access time from CAS precharge | topa 45 45 | 65, ns | 3 | 
fata Page mode cycle time tec 50 { 60 ns 
CAS precharge time (Fast page mode) tcp _ 10 10 | ns 
| RAS hold time from CAS precharge _|_tRHoP 2a 45| | 55 | SoM MSie oo] 
| Fast page tmodered-modify-write _|_terwe Alt 105 | oe 125 ns 
| RAS pulse width (Fast page mode) ___|_trasp 200,000 _ 80 200,000; 100 |200,000/ ns | 
Write command set-up time (Test mode in) |_twts {| 10] - —{ 10] | Ue iaS _| 
Write command hold time (Test mode in) twTH 10 10) ___|_ns 
| W to RAS precharge time (C-B-R refresh) | twrp 10 10 | 10 ns | 
ee RAS hold time (C-B-R res |_twRH 10 10 | 10 ns | | 
RAS hold time referenced to OE tROH 20 20 20 ns_ 
OE access time toEA 20 20 25 | ns | | 
OE todatadelay | toED 20 20 | 25 ns_| 
Output buffer tum off delay time from OE toez 0 20 0 20 0 25 | ns 
OE command hold time toeH 20 20 25 ns 
se 
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TEST MODE CYCLE 





















(Note. 12) 






























































































NOTES 





1. An initial pause of 200us is required after power- 


up followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


sheet as electrical 

















KM44C1000A-7 | KM44C1000A-8 | KM44C1000A-10 
Standard Operation Symbol 
Min Max 
Random read or write cycle time 
Read-modify-write cycle time tRwe | 210 23 250 | ns | 
Access time from RAS _ trac 85 105 | ns |3,4,11 
Access time from CAS toac 5 | 25 30 | ns | 3,4,5 | 
Access time from column address taa AS | a 55} ns | 3,11 
RAS pulse width tras 85 | 10,000 | 105 | 10,000 | _ ns 
CAS pulse width tcas | 25| 10,000} 30; 10,000; ns 
RAS hold time ; tas | 25 25 | 30 ns 
CAS hold time tcsH ras 85 105 ns 
| Column address to RAS lead time tRAL | | 40 45 55 : ns 
CAS to write enable delay tewo | 55 55 65 ns 
RAS to write enable delay trwo | 105 115 140 ns 8 
Column address to W delay time tawp 70 75 90 ns 8 
_Fast mode cycle time ; tpc ; 55 =. 65 | ns | | 
Fast page mode read-modefy-write tprwe 110 | 180 x ns 
RAS pulse width (Fast page mode) tRASP 200,000! 85 200,000) 105 200,000 ns 
Access time from CAS precharge tcpa 50 | 50 | 60 | ns 3 
OE access time _toea 25 | 25 30 | ns 
OE to data delay toeD 25 30 ns 
OE command hold time 








characteristics only. lf 





twces2twcsimin) the cycle is an early write cycle and 
the data out pin will remain high impedance for the 





2. Vitiminy and Vitimax) are reference levels for measur- duration of the cycle. If tcwo2tcwomin) and 
ing timing of input signals. Transition times are trwo2trwo(min) and tawo2tawpimin), then the cycle 
measured between Vin(min) and Vit(max), and are is a read-write cycle and the data out will contain 
assumed to be 5ns for all inputs. the data read from the selected address. If neither 

3. Measured with a load equivalent to 2 TTL loads and of the above conditions are satisfied, the condition 
100pF of the data out is indeterminate. 

4. Operation within the trcpimax) limit insures that 9. Either tacH or taRH must be satisfied for a read 
tRac(max) Can be met. trcpimax) iS specified.as a cycle. 
reference point only. If tacp is greater than the 10. These parameters are referenced to the CAS 
specified tacpimax) limit, then access time is con- leading edge in early write cycles and to the W 
trolled exclusively by tcac. leading edge in read-write cycles. 

5. Assumes that tacp>trRcp(max)- 11. Operation within the tRapimax) limit insures that 

6. tar, twor, topHR are referenced to trapimax) trac(max) can be met. trapimax) is specified as a 

7. This parameter defines the time at which the out- reference point only. If trap is greater than the 
put achieves the open circuit condition and is not specified trap(max) limit, then access time is con- 
refernced to Vou or VoL. trolled by taa. 

8. twcs, trwo, tcwo and tawp are non restrictive 12. These specifications are applied in the test mode. 
operating parameters. They are included in the data 

Pit) 19 
cS:SAMSUNG~ - 3 


Electronics 


KM44C1000A CMOS DRA 





TIMING DIAGRAMS 









READ CYCLE 
tre 
t 
Vin= . tRAS RP 
RAS Gi oe 
= Sere nh a 
t 
ae NRE ee che ee 
CAS Vin= Ee 





mi E 
ae i — VVYVVYUWVYV*' ¥ 
RY CLE A) MEIN ONIN 
| FA -tRCH 
RRR XMM 
XXX OO OY 


IVAN 





S| 


= CEE 


AEIEV.VAVAVAVAVAVAVAVAYAVAVAVAVAVAVAVAVAVAYAYAYANG Ack 
we RUTTER toe 


tcac 





MWNVVYYWY{Y”#YPYYW¥Y/JYVJYJYP#YJYYWYIYY9YYWJYY#YYV 
DSN RAXX SRA X NI SAXIXAIIRR 
torr 


trac 


VoH— ™ | 
DQ;-DQ, ——_—_——_——— OPEN (x ( VALID DATA-OUT = f 
Lz 


VoL 
































tc 
WRITE CYCLE (EARLY WRITE) 
mond tRc — 
tt tras = trp el 
2 Vin— -— tar ——| 
RAS res 
‘ — tcsH | — tcrP —| 
Sates trop tRSH — 
= Wee tcas-—+—] 
CAS Vi-= t--—tRaD 
tasc 
tasr — tRAH tCAH 
Vie— PAK YIVVVVV VV YUVA VY VV 
vn WM aooressh//)K_coLumn aooress KYA YAY XR KY 





twcs weil a 

















Vin— KARAT twe ~aVavatavavavaVavaVa¥aava¥ata¥ata’avalaava¥avavay, 
Ww INNO: BOKER 
i Lane = — 
un ViH— AAKAKKALRIVSVIVV/ va"a"ava’aava¥avata¥a¥a¥a¥a¥a¥a¥avav, CAA AIVYVVVYVYV YY VV YY VV VV YY 
OE YOY ALYY YVAN NY 
ne = 
| 


ViH— 
DQ -DQ4 Vi— (| VALID DATA-IN » OPEN =e 
KXeorr CARE 
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TIMING DIAGRAMS (Continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 











































































































































aa —— tre 
i tras trp 
___ ViH— tar 
RAS Ves 
— tcsH 
tcrp 
trRcD 
—— Viq— 
we Vii- | lost trap \\ {_/ 
tasa| tra [Ty ae tRAL ——| 
Yin XK Row W/7 a oi KKK KAAXXAXAR AK KKAX AAA AKA 
A Vi KORE B8Bhess RPK SooneeS NRK) 
tcwL 
tRWL 
—_— Vip— VVVVVVVVVVYV VYVYVYVVVVVVVVVVV ¥* (AVVV VV VV V VY VVV VY VYYVVY YY VVY VV 
s vn XXXXXXNX ARR LANA ORR SERRA KAK KKK 
tOEH 
OF vt ERROR SOY RRRRRRRRRKKKRRRERERRRRTRRRRRREN 
Vit— XX .9.4,0,9.4,0.9.9,9.0,0,0.0.9,0 OXXXXAXXX KKK KAKA MAAK AKA 
tou 
Vin— CAS VV V/V Cal aVaVararatalalaravalsavavavalavavaatavaavavala’ 
Dorm ye BYR vauio parva KA KAKO. 
READ-MODIFY-WRITE CYCLE 
a trwc ni ae 
ii tras —| LYtrp 
_ Vin t 
RAS Wie an ail 
ec tas + | ee tRSH tore 
Cas ag = CAS ; 
oe Gas LY ey 
tasr | \tRAH tasc tcaH 
Vin— FY wy MA AI AAAAKAAAAARAAARAIAARARAAAARIT 
© PR aooress AA Soonets ARK Ree KK) 
[ trao—t | ae i r=—— tcwe 
aes +— trwo — tRWL — 
w Vip— SVYVYWVV YW 7 
ne nay, 
man Vie— QIOVVYVYVOIIVIV IV VV VV 
OE Va SRK 
re toac 
so, on ED a ED (IONAMIN 












x DON’T CARE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ CYCLE 


RAS 


CAS 


DQ4-DQ, 


RAS 


=| 


DQ1-DQ4 


ViqH— 
Vit— 
tcrP 
Viq— 
Vit— 





tASR 


Vin— (XA\ rosary 
Vit— WX ADD | ‘a 














tRcs 


ViH— LXYYX TAN.0.7 aoe 
Vit— IOs, 


Vin- RYVOVVVUV UV VV VLA AARAS/ 
RRR | ARR 


Vit— 4, x? QO 











Vip— 
Vit— 
ae tcas 
Vit— ) 
t 
lH , Va'aVava’, VVVVV 
vi AK 200 RAN. Sones IK _ Aooness KOON) wy) 
ia LD By i 
— KWYWOWvVVYV KATY 
we TERRE + — REIN 













Neretecnnantene 
Naalatetetitatatalatate’ 





MAXX 


{\£\ 





tcLz 


Sonera ee eee 








TAA 
toea 


tcac 





VALID 


VY 
\) 
VA 


DATA-OUTY 














trp 
tRASP tRHCR _— 
TcCRP 
tase | 
SOLON XXX KNX X/ 
{ ADDRESS Wavy) 
4 tRCH 
PIV VV 
| NK 













Y, 


PARI AALAA/YV/ 
RXR 





torr 














= | 
VALID 
UX darout) 

































es (XX XA 


WYYYVVVYMA/YVYYY VVYW/VVVYVY VYYVYV\V AI //VVV/ VVV/ VVAASVVV 
ERR REIKO KKK OK 





aeeeenens | . 
YK oatain | 





































VV VMMMAAAL 





















































KX DON’T CARE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ-MODIFY-WRITE 


trp 
trasP — 
RAS ae 
Vit— 


prea Vin— 
CAS Vit— 





























































































tasr | tasc eee t 
Vin— ‘ {co Secon eee eee COL TRAIAN 
A Van QHADB A. 05 OKRA KRN A50 KARAM a0 KKK CK Re 
| + tawL—| 
tcwo | tow }-—— tcwo. tewi: 
pee Vin— f 
” vit . i L4_ tawp 
_t) ‘WP twp — 
“TI 
t— toEa 
=o ViH- 
oF vin OED 
tcpa-— 
| toH 
Vv - y : 
aes PAN" PR 








bx DON’T CARE 
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TIMING DIAGRAMS (continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don’t Care 


ViH— 
Vit— 


ms) 
>| 
n 


tase 


ViH— PORKRKKRXERRD 
Vi CX GOLIN 


IL— 


DQ;-DQ, 


ROW ADDRESS 





tro 





tras 





trp. 





V YAY YY VY YA YY YY YY ALP AAAA/SVAA/ 
ROARK AEXRKKKR 


tcrp trec 


OPEN 


CAS-BEFORE-RAS REFRESH CYCLE 


NOTE: OE, Address = Don’t Care 





ren Viq— 
RAS 
Vit— 
trRec 
tcp tcsr 
ORS a. 
Vit— 
twrp 
RAR KIO AY 
W Vit— XXXXXAAK KKK XA 
torr 
Vv — 
DQ1-DQ4 We » 
VoL — 
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tro 


tRas' 





tRPC 


ROTI 
aX OX? XXX v 


LV VAL Lvs XXAD 





twRH 
/ CAAAAAIAAKAAKAAARAAARKKARARARARAL VA/V/Y vA¥,V, 
ORK KK KKK 


OPEN 





Roy DON’T CARE 
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TIMING DIAGRAMS Continued) 
HIDDEN REFRESH CYCLE (READ) 
Ey ne en ear = 



















































oa wou 0|0|.ltt™”~— 
RAS 

Vit— 
CAS 

Vin— “i 
A 

Vit— 

tres 
oe ViK— VTAKKKXARAYYG 
vu OY 
meer | 

a VIH— ARERR toEA 
oF OAK 
DQ,-DQ,4 


HIDDEN REFRESH CYCLE (WRITE) 
pes t 


ARO) 
























SAXONS KKNXKKY) 


































V, AD AAAA/V/V Y 
BRO Y 


DVALVA 


TAKARA 
Wy 


LV\ 








IAG eee 








































‘— tRAS 
ar ViH— 
RAS taR 
Vit— 
tcrr trop oe ea 
_ Vip— 
aie Vit— p—~ tRAD \ 
tasc 
tasr tRAH 
Vip— VA? y, 
° Vit— OX ADD. , (y) ES: (X L 
| twes 4 [— L— twcH — 
-_ Vin— AAA 
: se SRD 
| , | 
a Viq- FAA VY AAAAKAKIY 
FE RX 
DQ,-DQ4 aa XXX 
Vir-— MA 
ro toHR 


trp—-— | 


tRAS 





— tcHR 





KARL OND 


LS 
twRH 


L\ WLM 


twre 


AAA AMAA/LSVY VV VV YVAAL/Y 

a RR 
WAV, 
i 


XK KKK KR KRY 


SOOO 


YY 
Ay) 






Y 
XX 





















Kxqoont CARE 
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TIMING DIAGRAMS (continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 











AAS ViH-- tras aes 
Vit— 
CAS 1 i Y \ tcas of 
ea Oe ee 
ET RR iy RE ti RXR) 





twrpe 
READ CYCLE ee 























eee 
n— _SVVYe YY, YVVY OYVVVY 
wT OY KY BO) 
: IH— V/V/V \/ VY YVYSVSVSV \/ V/V Y V/V/V \/S4 JV VV VY 
FE OR OC RX AKXXXX 
0-0, Yor OPEN | AA vauooaracur 


OL— 


















WRITE CYCLE twaP ee 
ae Vin— CYWYVXZ SAVVY VY VY varavarererarararararereeyeree’é 
"ne MOO |) Nacenoovon ORR 


eae Viw— MYYVYYAA/AS/YYVVY\ AA VA AAAADALAA/YYYVAALSVY¥ VY VY/DAALSSVVY AAS 
FE aM II ORO OY 

























DQ}-DQ4 ae 
READ-MODIFY-WRITE tawi——4 
\WRP re] ‘ 
peje Vy . IAI : VAT AV AV AV AVAVAYAVAVAY, 
wn RRR NY | tone RRR 
= toea 
ets Viwr— JAJYYYYYAAASYVY VVY VY YY VV YY feeb 
CE RN 
tcac tos toH 
toLz a 
noe ee VOR Ey 
VALID 
DATA-OUT 


Nae, DON'T CARE 
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TIMING DIAGRAMS (continueq) 


TEST MODE IN CYCLE 
NOTE: OE, Address=Don’t Care 











RAS Vin 


Vit— 


dea Vin— 
CAS 


Vit 








ViH— 


S| 








RRR) 
PRIN 


Vit 





DQ,-DQ. ViiOH — 
VoL — 


TEST MODE DESCRIPTION 


The KM44C1000A is the RAM organized 1,048,576 
words by 4 bit, itis internally organized 524,288 words 
by 8 bits. in “Test Mode’, data are written into 8 sec- 
tors in parallel and retrieved the same way. Column ad- 
dress bit Ao is not used. If, upon reading, two bits on 
one I/O pin are equal (all ‘‘1’’s or ‘O’’s), the I/O pin in- 
dicates a ‘“‘1’’. If they were not equal, the I/O pin would 


Oe 
YY XXXRAXANR Ny ANN 





OX 





TIRE 
NY On YY XRRR ANY) 



























ROR 
A RX XRRXYXXNIRRKAX RX NAAR Y 


Rese 








OPEN 


XX] DON’T CARE 


indicate a ‘‘O”. In “Test Mode”, the 1MxX4 DRAM can 
be tested as if it were a 512KX4 DARM. W, CAS- 
Before-RAS Cycle (Test Mode in Cycle) puts the device 
into “Test Mode”. And “CAS-Before-RAS Refresh Cy- 
cle” or “RAS only Refresh Cycle” puts it back into “Nor- 
mal Mode”. The ‘‘Test Mode” function reduces test time 
(1/2 in cases of N test pattern). 
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DEVICE OPERATION 


Device Operation 


The KM44C1000A contains 4,194,304 memory loca- 
tions. Twenty address bits are required to address a par- 
ticular memory location. Since the KM44C1000A has 
only 10 address input pins, time multiplexed addressing 
is used to input 10 row and 10 column addresses. The 
multiplexing is controlled by the timing relationship bet- 
ween the row address strobe (RAS), the column address 
strobe (CAS) and the valid row and column address 
inputs. 


Operating of the KM44C1000A begins by strobing in 
a valid row address with RAS while CAS remains high. 
Then the address on the 10 address input pins is chang- 
ed from arow address to a column address and is strobed 
in by CAS. This is the beginning of any KM44C1000A 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The cy- 
cle is terminated when both RAS and CAS have return- 
ed to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (tre) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. in addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tap, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM44C1000A begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 

Aread cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. If CAS goes low 
before trop(max),.the access time to valid data is 
specified by trac. If CAS goes low after tacp(max), the 
access time is measured from CAS and is specified by 
tcac. In order to achieve the minimum access time, 
trac(min), it is necessary to bring CAS low before 
trcp(max). 


Write 

The KM44C1000A can perform early write, late write 
and read-modify-write cycles. The difference between 
these cycles is in the state of data-out and is determin- 
ed by the timing relationship between W and CAS. In any 
type of write cycle, Date-in must be valid at or before 
the falling edge of W or CAS, whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common I/O applications because 
the data-in and data-out pins may be tied together without 
bus contention. 


Read-Modify-Write: \|n this cycle, valid data from the ad- 
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca- 
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write cycle tim- 
ing requirements. This cycle requires using a separate 
/O to avoid bus contention. 


Late Write: \f W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tawp, tcwp and tawp, are not necessarily 
met. The state of date-out is indeterminate since the out- 
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate I/O to 
avoid bus contention. 


Data Output 

The KM44C1000A has a three-state output buffer which 
is controlled by CAS. Whenever CAS is high (Vin) the 
output is in the high impedance (Hi-Z) state. In any cy- 
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tcvz after the falling edge of CAS. Invalid data may be 
present at the output during the time after tcLz and 
before the valid data appears at the output. The timing 
parameters tcac, trac and taa specify when the valid 
data will be present at the output. The valid data remains 
at the output until CAS returns high. This is true even if 
anew RAS cycle occurs (as in hidden refresh). Each of 
the KM44C1000A operating cycles is listed below after 
the corresponding output state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-before-RAS Refresh, CAS-only 
cycle. OE controlled write. 


Indeterminate Output State: Delayed Write 


Refresh 

The data in the KM44C1000A is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
16 ms. There are several ways to accomplish this. 
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DEVICE OPERATION (continued) 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 


CAS-before-RAS Refresh: The KM44C1 000A has CAS- 
before-RAS on-chip refreshing capability that eliminates 
the need for external refresh addresses. If CAS is held 
low for the specified set up time (tcsr) before RAS goes 
low, the on-chip refresh circuity is enabled. An internal 
refresh operation automatically occurs. The refresh ad- 
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CAS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM44C1000A hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 


Other Refresh Methods: 't is also possible to refresh the 
KM44C1000A by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. These are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


Fast Page Mode 

The KM44C1 OOOA has Fast Page mode capability. Fast 
Page mode memory cycles provide faster access and 
lower power dissipation than normal memory cycles. In 
Fast Page mode, it is possible to perform read, write or 
read-modify-write cycles. As long as the applicable tim- 
ing requirements are observed, it is possible to mix these 
cycles in any order. A Fast Page mode cycle begins with 
anormal cycle. Then, while RAS is kept low to maintain 
the row address, CAS is cycled to strobe in additional 
column addresses. This eliminates the time required to 
set up and strobe sequential row address for the same 
page. Up to 2048 memory cells can be accessed with 
the same row address. 


CAS-Before-RAS Refresh Counter 
Test Cycle 


A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of veri- 


fying the functionality of the CAS-before-RAS refresh ac- 
tivated circuitry. 


After the CAS-before-RAS refresh operation, if CAS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 


This is shown in the CAS-before-RAS counter test cy- 
cle timing diagram. A memory cell can be addressed with 
10 row address bits and 10 column address bits defin- 
ed as follows: 


Row Address-—Bits Ao through Ag are supplied by the 
on-chip refresh counter. 


Column Address—Bits Ao through Ag are strobedin by 
the falling edge of CAS as in a normal memory cycle. 


Suggested CAS-Before-RAS Counter Test 


Procedure 
The CAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 


1. Initialize the internal refresh counter by performing 
8 CAS-before-RAS cycles. 

2. Write a test pattern of “lows” into the memory cells 
at a single column address and 1024 row addresses. 
(The row addresses are supplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the “lows” writ- 
ten during step 2 and write ‘‘highs” into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

4. Read the “highs” written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


Power-up 

lf RAS=Vss during power-up, the KM44C1000A could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. It is recommended that RAS and CAS track 
with Vcc during power-up or be held at a valid Vin in 
order to minimize the power-up current. 


An initial pause of 200us is required power-up followed 
by any 8 CBR or ROR cycles before proper device opera- 
tion is achieved. 
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PACKAGE DIMENSIONS 
20-LEAD PLASTIC DUAL IN-LINE PACKAGE 






0.962 (24.43) 
0.972 (24.69) 











0° - 10° 


















300 (7.62) “7 


[hs 


0.293 (7.44) 
0.325 (8.26) 








0.009 (0.23) 


0.013 (0.33) 
_ 0. 015 (0. 38) 


MIN 


0.183 (4.65) 
MAX 
0.115 (2.92) 
MIN 


0.135 (0.43) 


0.145 (3.68) 
























0.016 (0.41) _| | 0.035 (0.89) 
~~ 0,056 (1.40) 






0.100 (2.54) ___9.050 (1.27) 
0.024 0.61) | 61) MAX 





TYP 


20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 


0.027 (0.69) 
MIN 





















0.295 (7.49) 
0.305 (7.75) 
0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 
0.340 (8.64) 
0.008 (0.20) 
0.012 (0.30) 

















| 
| 
Sa meee 


0.670 (17. 02) _ 7 0.128 (3.25) 
0.145 (3.68) 


i= 0.680 (17.27) 

















a 0.073 (0.1) 


0.050 (1.27) . ie 0.015 (0.38) 0.026 (0.66) 
TYP 0.021 (0.53) 0.032 (0.81) 








0.050 (1.27) 
MAX 
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PACKAGE DIMENSIONS (continued) 
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


1.025(26.04) 
1.035(26.29) | 


Units: Inches (millimeters) 


0.113(2.87) 
| 0. 120(3.05) 


















0.325(8.26) 
0.335(8.51) 






0.400(10.16) 








0.009(0.23) 
0.013(0.33) 





0.100(2.54) 


0.050(1.27) 
TYP 


MAX 





fe 


0.100(2.54) 





20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE (Forward and Reverse Type) 


0.03 (0.80) 


| 
aL 


cowoay || 
0.024 (0.60) 
















alli = ala 
aIN Q O}< 
. . g fore) 
eit 01g QD 
oO} vs WD | 
ae S|F 35 
alo oO o/c 





0.671 (17.04) 
0.679 (17.24) 


0.047(1.20) 








EE ae ee ee 
Spoor] OE =| 


0.050 (1.27) | 0.012 (0.30) 
TYP 0.020 (0.50) 
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1MxX4 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES GENERAL DESCRIPTION 


e Performance range: The Samsung KM44C1000AL is a high speed CMOS 
1,048,576 bit X 4 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 


KM44C1000AL- 8 | 80ns 20ns 150ns high performance microprocessor systems. 
KM44C1000AL-10 | 100ns 25 1 : 
his ome The KM44C10O0OOAL features Fast Page Mode operation 





KM44C1000AL- 7 7Ons 20ns 130ns 











° Fast Page Mode operation which allows high speed random access of memory cells 
° CAS-before-RAS refresh capability within the same row. 

¢ RAS-only and Hidden Refresh capability foe BS = 

° CAS-before-RAS refresh capability provides on-chip auto 


8-bit fast parallel test mode capability 

TTL compatible inputs and output 

Early Write or output enable controlled write 
Single +5V+10% power supply 

1024 cycles/128ms refresh 

Low power dissipation 

—Standby: 1.14mW 

—Active (70/80/100ns): 578/523/468mW 

e JEDEC standard pinout 

¢ Available in Plastic SOU, DIP, ZIP, and TSOP (Il) 


FUNCTIONAL BLOCK DIAGRAM 


refresh as an alternative to RAS-only Refresh. All inputs 
and output are fully TTL compatible. 


The KM44C1000AL is fabricated using Samsung's ad- 
vanced CMOS process. 


| 

















RAS 
cag | CONTROL & 
2 | CLOCK 
W 
REFRESH CONTROL & 
ADDRESS COUNTER 
[~] | COLUMN DECODER 
fe SENSE AMPS & I/O 
Ao “ _ 
i | OE 
WL Lu 
wia . 
2/92 MEMORY ARRAY 
wo | w 1,048,576X4 CELLS 
“| a 
c|S 
a15 
a;a 
Ag = 
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PIN CONFIGURATION (Top views) 
* KM44C1000ALP ¢ KM44C1000ALJ * KM44C1000ALZ 


DQ, 





(DIP) 







































61) Ao 
7OA 
BL] Ao 
91] Ag 
101] Voc 
(TSOP (Il) -Forward Type) (TSOP (IL)-Reverse Type) 
Pin Name Pin Function 
eee ee 
Ao-Ag IL Address Inputs 
DQ1.4 Data In/Out | 
WwW Read/Write Input | 
r — | 
OE Data Output Enable 
| RAS | Row Address Strobe 
| CAS | Column Address Strobe 
Voc | Power (+5V) Z| 
Vss Ground 
au 
gus 
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ABSOLUTE MAXIMUM RATINGS* 





















Voltage on Any Pin Relative to Vss Vin, Vout —1 to +7.0 V 
Voltage on Vcc Supply Relative to Vss Vec i —-1 to +7.0 V 
Storage Temperature Tstg —55 to +150 | °C 
Power Dissipation Pp 600 mW 




















Short Circuit Output Current los 50 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (voltage reference to Vss, Ta=0 to 70°C) 



































Item Symbol Min Typ Max Unit 
|. Supply Voltage : Vcc | 4.5 \ 5.0 { 5.5 V 
Ground Vss 0 0 oi V | 
= ss | alll as ae Lies aes (cere : z 
Input High Voltage ViH 2.4 = Vect+1 V_ 
Input Low Voltage ViL -1.0 _— 0.8 V 


DC AND OPERATING CHARACTERISTICS (0°c<ta<70°C, Vec=5.0V+ 10%) 


(Recommended operating conditions unless otherwise noted) 

























































: Parameter Symbol Min Max Unit 
; KM44C1000AL- 7 
Operating Current* 
: Ey KM44C1000AL- 8 loc1 
(RAS, CAS, Address Cycling @ tac=min) KM44C1000AL-10 = 85 aa 
| Standby Current (RAS=CAS=Vin) lccez | = 2 [ma 
RAS-Only Refresh Current* etree bnedciten i ' ~~ 1° | us 
(CAS=Vin, RAS Cycling @ tac=min.) RMaSC 1OO0AE © we ~ 22 ae 
ee KM44C1000AL-10 — | 8 ! mA 
KM44C1000AL- 7 —_ 80 mA 
M * 
ARS CAS Cycling Breen KM44C1000AL- 8) — Icca — | 70] ma 
ee ey P KM44C1000AL-10 | — 60 | mA 
i Standby Current (RAS=CAS=W2Vcc-—0.2V) 4 eae | 200 HA 
CAS-Before-RAS Refresh Current* KM AACTOOOAL if = bs | ms 
(RAS and CAS Cycling @ tac=min.) AAC TOOD ALSO |, e1Ge8 — ic (LE 
bs : KM44C1000AL-10 — 85 mA 
r +t 
Battery Back Up Current Average Power Supply Current, | 
Battery Back Up Mode, Input High Voltage (Vin)=Vcc-0.2V 
Input Low Voltage (Vii)=0.2V CAS=CAS -Before-RAS Cycling or lec7 = 300 HA 
0.2V DQ;.4=Don't Care Tro=125yuS, Tras=tras min.v1 pS | | | 
Standby Current (RAS=Vin, CAS=Vi., Dout Enable) Iccs = 5 | mA 
Input Leakage Current | 
| (Any input O<Vin<6.5V, all other pins not under test=O volts) ML i Ue HA | 
Output Leakage Current (Data out is disabled, O<Vout<5.5V) lot [ -—10 10 (s yA 
Output High Voltage Level (lon=—5mA) Vou | 2.4 | _ V 
Output Low Voltage Level (lo.=4.2mA) VoL me ey a oe 











*Note: Icc1, Iecs, leca and Icce are dependent on output loading and cycle rates. Specified value are obtained with 
the output open. Icc is specified as average current. Icc1, Icc3, Icce, Address can be changed maximum 
two times while RAS=ViL. Icca, Address can be changed maximum once while CAS=Vin. 
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CAPACITANCE (t,=25°c) 







Input Capacitance (Ao-Ag) 
Input Capacitance (RAS, CAS, W, OE) 
Output Capacitance (DQ ;-DQz4) 











AC CHARACTERISTICS sea Tete: Vec=5.0V+10%, See notes 1,2) 



































































































































KM44C1000AL-7 | KM44C1000AL-8 |KM44C1000AL-10 
Standard Operation Symbol Unit | Notes 
Min Max Min Max Min Max 
Random read or write cycle time tRc 130 {150 | 180 | “ns 
Read-modify-write cycle time tRwc 185 205 245 ns 
Access time from RAS tRAc ___70 al 80 100 | ns |3,4,11 
Access time from CAS | tcac 20 | 20 25 | ns | 3,4,5 
Access time from column address taa 35 | | 40 | 50 |_ns 3,11 
CAS to output in Low-Z tcLz 5 | 9 5 ns 
Output buffer turn-off delay |_ torr 0 15 0 | 15 0 20 | ns | 
| Transition time (rise and fall) | tt 3 50 3 50 3 50 | ns | 
RAS precharge time tRe 50 | 60 | 70 ns | 
RAS puise width tRAS 70 | 10,000 | 80! 10,000) 100) 10,000] ns 
RAS hold time | tRSH 20 | 20 | 95 {| | ns 
CAS hold time tcsH 70 80 100 ns 
_ CAS pulse width tcas 20 | 10,000 | 20 | 10,000|{ 25 [ 10,000 | ns 
| RAS to CAS delay time taco 20 50 | 20 60 | 251 75| ns | 4 
RAS to column address delay time | tRAD 15 35 | 15 40 | 20 50 | ns 11 
CAS to RAS precharge time tcrP 5 4 5 10 ns 
Row address set-up time | tasR 0 0 0 |_ns 
Row address hoid time tRAH 10 | 10 16 ns 
Column address set-up time tasc 0 0 | | 0 | ns | 
Column address hold time tCAH 15 15 | 20 |_ns 
| Column address hold referenced to RAS tar | _ (55 | 60 {75 ns 6 
| Column Address to RAS lead time tra | 35 __| 40 50 [ns | 
| Read command set-up time ~ tres 0 ie 0 ns 
| Read command hold referenced to CAS tRCH 0 =i 0 4. 0 _{ ns ide 9 
Read command hold referenced to RAS tRRH 0 0 of ns 
Write command hold time tWCH 15 15 20 |_ns 
Write command hold referenced to RAS |_twer 55 60 75 | ns 6 
Write command pulse width twp 15 15 20 ns 
Write command to RAS lead time | trwe 20 20 25 | _ns 
Write command to CAS lead time tow. 20 20 25 t ns 
Data-in set-up time | tos 0 0 0 ns 10 
SAMSUNG = 
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CMOS DRAM 
AC CHARACTERISTICS (Continued) 
KM44C1000AL-7 |KM44C1000AL-8 |KM44C10G0AL-10 
Standard Operation Symbol Unit | Notes 
Min Max Min Max 

Data-in hold time toH 15 20 | ns | 10 

Data-in hold referenced to RAS _ tbHR 60 | 75 ns 6 
f Refresh period (1024 cycles) | tREF 128 i 128 | ms 

Write command set-up time twos 0 | 0 ns 8 

CAS to write enable delay | tcwo 50 | 60 | |_ns 8 

RAS to write enable delay trwpb 110 135 ns 8 

Column address to W delay time tawp 70 | 85 | |_ns 8 

CAS setup time (C-B-R refresh) tcsR 10 10 {ns 

CAS hold time (C-B-F refresh) toHR 30 | | 30 ns | 
| RAS precharge to CAS hold time tRPc 10 [10 |_ns | 

CAS precharge (C-B-R counter test) tcpT 40 50 | ns =r 

Access time from CAS precharge tcPa 45 55 | ns 3 
[ EAst Page mode cycle time tpc 50 L 60 |_ns pee 

CAS precharge time (Fast page mode) tcp 10 | 10 ns 

RAS hold time from CAS precharge tRHCP 45 _ 55 ns 
| Fast page modered-modify-write tpRwc z 105 125 ns | 
| RAS pulse width (Fast page mode) __|_trasp 200,000 | 80 | 200,000 [100 200,000 | ns 

Write command set-up time (Test mode in) | twts 10 10 ns ae 
| Write command hold time (Test mode in) tWTH 10 | 10 ns _ 

W to RAS precharge time (C-B-R refresh) | twap 10 10 ns 

W to RAS hold time (C-B-R refresh) twRH 10 10 [ns 

RAS hold time referenced to OE tROH 20 | { 20 | ns : 
| OE access time | toga 20 25 | ns 
| OE to data delay toep 20 i 25 |_ns 

Output buffer tum off delay time from OE | toez 0 20| 0| 25 | _ns 

OE command hold time toOEH 20 25 ns 
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TEST MODE CYCLE (Note. 12) 
KM44C1000AL-7 | KM44C1000AL-8 |KM44C1000AL-10 
Standard Operation Symbol Unit | Notes 
Min Max Min Max Min Max 
Random read or write cycle time tro 135 155 185 ns 
| Read-modify-write cycle time tRwc_ 190 210 | __ | 260 | ns 7 
Access time from RAS trac. 75 85 105 | ns | 3,4,11 
Access time from CAS tcac 25 25 | _ 30] ns | 34,5 
Access time from column address taa 40 | 45 55} ns | 3,11 
RAS pulse width tRAS 75 | 10,000 | 85/ 10,000] 105 | 10,000 | ns | 
CAS pulse width tcas 25 | 10,000 | 25/ 10,000} 30| 10,000) ns 
RAS hold time tas | 25 25 30 ns 
CAS hold time tcSH 75 85 105 ns 
Column address to RAS lead time tRAL 40 45 55 |_ns 
CAS to write enable delay tcwo 55 | 6 65 ns 
RAS to write enable delay | tawo | 105 1115 | 140 ns 
Column address to W delay time tawb 70 75 90 | ns 
Fast mode cycle time tec 55 55 65 ns 
| Fast page mode read-modefy-write | teRwe | 410 | 110 130 ns 
RAS pulse width (Fast page mode) | tRASP_| 75 | 200,000 | 85 | 200,000 | 105 | 200,000 | ns 
Access time from CAS precharge tcPA 50 | 50 60 / ns 3 
OE access time toEA 25 25 | 30 | ns 
OE to data delay toco | 28 25 | 30 ns 
OE command hold time toEH 25 25 30 ns 











NOTES 


1. 


An initial pause of 200s is required after power- 
up followed by and 8 CBR or ROR cycles before 
proper device operation is achieved. 

















sheet as electrical characteristics only. If 
twcs2twcsimin) the cycle is an early write cycle and 
the data out pin will remain high impedance for the 








2. Vittmin) and Vit(max) are reference levels for measur- duration of the cycle. If tcwo2tcwpimin) and 
ing timing of input signals. Transition times are trwo2trwp(min) and tawo2tawpimin), then the cycle 
measured between Vinimin) and Vit(max), and are is a read-write cycle and the data out will contain 
assumed to be 5ns for all inputs. the data read from the selected address. If neither 

3. Measured with a load equivalent to 2 TTL loads and of the above conditions are satisfied, the condition 
100pF of the data out is indeterminate. 

4. Operation within the trcpimax) limit insures that 9. Either tacH or tarRH must be satisfied for a read 
tRac(max) can be met. trcpimax) is specified as a cycle. 
reference point only. If tacp is greater than the 10. These parameters are referenced to the CAS 
specified tacpimax) limit, then access time is con- leading edge in early write cycles and to the W 
trolled exclusively by tcac. leading edge in read-write cycles. 

5. Assumes that tacp2>trcpimax)- 11. Operation within the trapimax) limit insures that 

6. tar, twor, toHR are referenced to trap(max) tRAc(max) Can be met. trap(max) is specified as a 

7. This parameter defines the time at which the out- reference point only. If trap is greater than the 
put achieves the open circuit condition and is not specified tRap(max) limit, then access time is con- 
refernced to Von or Vo . trolled by taa. 

8. twos, tawo, tcwo and tawp are non restrictive 12. These specifications are applied in the test mode. 
operating parameters. They are included in the data 
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TIMING DIAGRAMS 





READ CYCLE 
: .tRc 
Wie tras trp 
RAS ViL— 


ViH— 




























































CAS Vit— tRaD 
tasR RAH boa 
ViH— yV NX ol = ed _ VYYVVY XY \/ KXKKKKXKXK KXLY 00% VX) 
; Vice SEK BBR KH SS5HESS KA RX KKK) 
| (Reece 
vi ORRIN | TRRRERRERRIRARRRURAR 
w em OR ll KKK 
th FIPEEEVAYAVAVAVAVaVAVAVAVAVAVAVAVAVAVAavavAVAvavayays Pom WANA VV VV VY VY VV 
= RENN o_O CREO 
tcac torr 
tRAC 
WRITE CYCLE (EARLY WRITE) . 
trac ——_o— 
Lo tRas — tap — 
—— Viq— aa tar — 
RAS Wc 
tcsH —|/- tcrp —— 
feet = trcp tRSH |__| 
—— Vin— tcas — 
CAS Vii—- t——— tRAD 
tasR tRAH oe | tcaH ——~ 
Vie~ AWASVVVAV vavaVavavavavavavavava¥avavavava¥aavava’a’avavavaval, 
A vu KYM aoonessh(/h_coLumn avons KNW YAK OK 
twes | teil 
Vit— TOIT twe ~avavavavavavavataVavavalavavalata’atatava¥aavavay, 
mone RN BYR XRD 
aa ea 
| = 
_ 1H IIIT ITO VV VAI VO UV 
SE KARR RY 
tee — 
DQ1-DQ4 ae { vauio arain ) OPEN 


Kx DON’T CARE 
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TIMING DIAGRAMS (Continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 
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TIMING DIAGRAMS Ccontinued) 
FAST PAGE MODE READ CYCLE 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE READ-MODIFY-WRITE 
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TIMING DIAG RAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don’t Care 
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TIMING DIAGRAMS 6 continued) ' 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


CMOS DRAM 
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TIMING DIAG RAMS (Continued) 


TEST MODE IN CYCLE 
NOTE: OE, Address=Don't Care 


RAS 


CAS 


DQ,-DQ 








Vip— 














trec 
7 Vit— 
top tcsr 
ee al i eee 
Viq— 
ViL— 
twTH 
lan AY QO KX 
Vit— XY KY Was 
torr 
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TEST MODE DESCRIPTION 


The KM44C1000AL is the RAM organized 1,048,576 
words by 4 bit, it is internally organized 524,288 words 
by 8 bits. In “Test Mode”, data are written into 8 sec- 
tors in parallel and retrieved the same way. Column ad- 
dress bit Ao is not used. If, upon reading, two bits on 
one I/O pin are equal (all ““1”’s or “‘O’’s), the I/O pin in- 


dicates a “1”. If they were not equal, the I/O pin would 





aX 


TERIOR ROROCEKER 
AY RANA NN 


XY DON’T CARE 


” the 1MxX4 DRAM can 

be tested as if it were a 512Kx4 DRAM. W, CAS- 
Before-RAS Cycle (Test Mode in Cycle) puts the device 

into “Test Mode”. And “CAS-Before-RAS Refresh Cy- 

cle” or “RAS only Refresh Cycle” puts it back into “Nor- 

mal Mode”. The ‘‘Test Mode” function reduces test time 

(1/2 in cases of N test pattern). 
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DEVICE OPERATION 


Device Operation 


The KM44C1000AL contains 4,194,304 memory loca- 
tions. Twenty address bits are required to address a par- 
ticular memory location. Since the KM44C 1000AL has 
only 10 address input pins, time multiplexed addressing 
is used to input 10 row and 10 column addresses. The 
multiplexing is controlled by the timing relationship bet- 
ween the row address strobe (RAS), the column address 
strobe (GAS) and the valid row and column address 
inputs. 


Operating of the KM44C1000AL begins by strobing in 
a valid row address with RAS while CAS remains high. 
Then the address on the 10 address input pins is chang- 
ed from a row address to a column address and is strobed 
in by CAS. This is the beginning of any KM44C1000AL 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The cy- 
cle is terminated when both RAS and CAS have return- 
ed to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (trp) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tap, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM44C1000AL begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 

Aread cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. If CAS goes low 
before trcp(max), the access time to valid data is 
specified by trac. If CAS goes low after tacp(max), the 
access time is measured from CAS and is specified by 
tcac. In order to achieve the minimum access time, 
trac(min), it is necessary to bring CAS low before 
taco(max). 


Write 

The KM44C1000AL can perform early write, late write 
and read-modify-write cycles. The difference between 
these cycles is in the state of data-out and is determin- 
ed by the timing relationship between W and CAS. In any 
type of write cycle, Date-in must be valid at or before 
the falling edge of W or CAS, whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common 1/O applications because 
the data-in and data-out pins may be tied together without 
bus contention. 


Read-Modify-Write: In this cycle, valid data from the ad- 
dressed cell appears at the output before and during the 


- time that data is being written into the same cell locé - 


tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write cycle tin)- 
ing requirements. This cycle requires using a separate 
1/O to avoid bus contention. 


Late Write: If W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, trwp. tcwo and tawp, are not necessarily 
met. The state of date-out is indeterminate since the out- 
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate I/O to 
avoid bus contention. 


Data Output 

The KM44C1000AL has a three-state ate output buffer which 
is controlled by CAS. Whenever CAS is high (Vin) the 
output is in the high impedance (Hi-Z) state. In any cy- 
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tciz after the falling edge of CAS. Invalid data may be 
present at the output during the time after tcLiz and 
before the valid data appears at the output. The timing 
parameters tcac, trac and tag specify when the valid 
data will be present at the output. The valid data remains 
at the output until CAS returns high. This is true even if 
anew RAS cycle occurs (as in hidden refresh). Each of 
the KM44C1000AL operating cycles is listed below after 
the corresponding output state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-before-RAS Refresh, CAS-only 
cycle. OE controlled write. 


Indeterminate Output State: Delayed Write 


Refresh 

The data in the KM44C1000AL is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
128 ms. There are several ways to accomplish this. 





oH SAMSUNG 


# Electronics 


220 


KM44C1000AL 


CMOS DRAM 





DEVICE OPERATION (continued) 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 


CAS-before-RAS Refresh: The KM44C1000AL has CAS- 
before-RAS on-chip refreshing capability that eliminates 
the need for external refresh addresses. If CAS is held 
low for the specified set up time (tcsr) before RAS goes 
low, the on-chip refresh circuity is enabled. An internal 
refresh operation automatically occurs. The refresh ad- 
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CAS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM44C1OOOAL hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
KM44C1000AL by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. These are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


Fast Page Mode 

The KM44C1000AL has Fast Page mode capability. Fast 
Page mode memory cycles provide faster access and 
lower power dissipation than normal memory cycles. In 
Fast Page mode, it is possible to perform read, write or 
read-modify-write cycles. As long as the applicable tim- 
ing requirements are observed, it is possible to mix these 
cycles in any order. A Fast Page mode cycle begins with 
a normal cycle. Then, while RAS is kept low to maintain 
the row address, CAS is cycled to strobe in additional 
column addresses. This eliminates the time required to 
set up and strobe sequential row address for the same 
page. Up to 2048 memory cells can be accessed with 
the same row address. 


CAS-Before-RAS Refresh Counter 
Test Cycle 


A special timing sequence using the CAS-before-RAS 


counter test cycle provides a convenient method of veri- 
fying the functionality of the CAS-before-RAS refresh ac- 
tivated circuitry. , 


After the CAS-before-RAS refresh operation, if CAS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 


This is shown in the CAS-before-RAS counter test cy- 
cle timing diagram. A memory cell can be addressed with 
10 row address bits and 10 column address bits defin- 
ed as follows: 


Row Address—Bits Ao through Ag are supplied by the 
on-chip refresh counter. 


Column Address—Bits Ao through Ag are strobedin by 
the falling edge of CAS as in a normal memory cycle. 


Suggested CAS-Before-RAS Counter Test 


Procedure 
The CAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 


1. Initialize the internal refresh counter by performing 
8 CAS-before-RAS cycles. 

2. Write a test pattern of ‘‘lows” into the memory cells 
at a single column address and 1024 row addresses. 
(The row addresses are supplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the “lows” writ- 
ten during step 2 and write “highs” into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

4. Read the “highs” written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


Power-up 
If RAS=Vss during power-up, the KM44C1000AL could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. It is recommended that RAS and CAS track 
with Vcc during power-up or be held at a valid Vin in 
order to minimize the power-up current. 


An initial pause of 200yus is required after power-up flow- 
ed by any 8 CAS-before-RAS or RAS only refresh cycles 
before proper device operation is achieved. 
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PACKAGE DIMENSIONS 
20-LEAD PLASTIC DUAL IN-LINE PACKAGE 
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PACKAGE DIMENSIONS (continueq) 
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE Units: Inches (millimeters) 
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1MX4 Bit CMOS Dynamic RAM with Fast Page Mode - 


FEATURES 


¢ Performance range: 

trac | tone [tro | 
KM44C1000ASL- 7 
KM44C1000ASL- 8 
KM44C1000ASL-10 



















Fast Page Mode operation 

CAS-before-RAS refresh capability 

RAS-only and Hidden Refresh capability 
8-bit fast parallel test mode capability 

TTL compatible inputs and output 

-Early Write or output enable controlled write 
Single +5V+10% power supply 

1024 cycles/256ms refresh 

Low power dissipation 

—Standby: 0.6mW 

—Active (70/80/100ns): 578/523/468mW 

e JEDEC standard pinout 

¢ Available in Plastic SOJ, DIP, ZIP, and TSOP (Il) 


FUNCTIONAL BLOCK DIAGRAM 


ee) 
> 
op) 


CONTROL & 

















GENERAL DESCRIPTION 


The Samsung KM44C1000ASL is a high speed CUOS 
1,048,576 bit X 4 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 


The KM44C1000ASL features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. 


CAS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only Refresh. All inouts 
and output are fully TTL compatible. 


The KM44C1000ASL is fabricated using Samsung’s ad- 
vanced CMOS process. 
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PIN CONFIGURATION (top views) 


¢ KM44C1000ASLP ¢ KM44C1000ASLJ ¢ KM44C1000ASLZ 


Vss 
DQ, 
DQ; 
CAS 
OE 


As 
A; 
Ae 
As 
Ag 





(DIP) 






(TSOP (IL) -Forward Type) (TSOP (Il) -Reverse Type) 



































Pin Name Pin Function 

Ao-Ag Address Inputs 
DQi1-4 Data In/Out 

| WwW Read/Write Input 
OE + Data Output Enable 
RAS Row Address Strobe 
CAS Column Address Strobe 

Vec . Power (+5V) | 
Vss Ground 
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ABSOLUTE MAXIMUM RATINGS* 


Item 









Voltage on Any Pin Relative to Vss _ Vin, Vout Ag Se 120, 


Vcc i ae et Oe V 





_.. Voltage on Vcc Supply Relative to Vss 














__ Storage Temperature eS Tstg : -—55 to +150 | ees °C i 
Power Dissipation Po _ 600 mw 
Short Circuit Output Current los 50 mA 














* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=O to 70°C) 






__ Supply Voltage 
Ground Vss 0 
Input High Voltage 



































Input Low Voltage 





DC AND OPERATING CHARACTERISTICS (0°c<ta<70°c, Vec=5.0V+10%) 


(Recommended operating conditions unless otherwise noted) 








Parameter 





KM44C1000ASL- 7 
KM44C1000ASL- 8 Ioc1 — 
KM44C1000ASL-10 


Operating Current* 
(RAS, CAS, Address Cycling @ trc=min) 












Standby Current (RAS=CAS=Vin) 








KM44C1000ASL- 7 


RAS-Only Refresh Current KM44C1000ASL- 8 nes = 95 as 


(CAS=Vin, RAS Cycling @ tac=min.) 











KM44C1000ASL-10 —_ 85 mA 

- KM44C1000ASL- 7 —_ 80 mA 

Rest Page: Moge Cuien KM44C1000ASL- 8| —Ioca = 70 | ma 
NE eS ON Ge een KM44C1000ASL-10 — | 60 | ma 
Standby Current (RAS=CAS=W2Vcc—0.2V) locs _ 100 | A 
CAS-Before-RAS Refresh Current* pgiecias ic ies _ Be we 
(RAS and CAS Cycling @ tac=min.) KM44C1000ASL-10 a 85 iA 





Battery Back Up CurrentAverage Power Supply Current, 

Battery Back Up Mode, Input High Voltage (Viq)=Vcc-0.2V 
Input Low Voltage (Vi_)=0.2V CAS=CAS Before RAS Cycling or 
0.2V DQ1-4=Don’t Care Tac=250uS, TRas=tras min.~1yS 


Standby Current (RAS=Vin, CAS=Vi_, Dout Enable) loca 


Input Leakage Current 
(Any input O<Vin<6.5V, all other pins not under test=O volts) 


Output Leakage Current (Data out is disabled, O0<VouT<5.5V) 
Output High Voltage Level (loy=—5mA) 
Output Low Voltage Level (loL=4.2mA) 














































*Note: Icc1, Ilcc3, leca and Icce are dependent on output loading and cycle rates. Specified value are obtained with 
the output open. Icc is specified as average current. Icc1, Icc3, Icce, Address can be changed maximum 
two times while RAS=ViL. Icc4, Address can be changed maximum once while CAS=Vin. 
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CAPACITANCE (1,=25°c) 

















Item Unit 
Input Capacitance (Ao-Ag) pF 
Input Capacitance (RAS, CAS, W, OE) pF 
Output Capacitance (DQ;-DQ,) pF 


AC CHARACTERISTICS (0°cgta<70°C, Vec=5.0V+10%, See notes 1,2) 























































































































KM44C1000ASL-7 | KM44C1000ASL-8 | KM44C1000ASL-10 
Standard Operation Symbol Unit | Notes 
Min Max Min Max Min Max 
Random read or write cycle time tro 130 150 180 | ns 
Read-modify-write cycle time tRwC | 185 205 245 ns 
Access time from RAS inae. | 70 80 100 | ns |3,4,11 
Access time from CAS tcac 20 20 | 25 | ns | 3,4,5 
Access time from column address taa 35 40 | 50 | ns | 3,11 
CAS to output in Low-Z tz | 5 5 5 ns 
| Output buffer turn-off delay | torr | 0 15 0 15 0 20 | ns 
| Transition time (rise and fall) tt 3 50 3 50 3 50 | ns 2 
| RAS precharge time trp 60 70 ns 
RAS pulse width tRAS 10,000} 80| 10,000] 100] 10,000 | ns 
| RAS hold time tasH 20 20 25 ns 
CAS hold time tcsH 70 | 80 100 ns 
CAS pulse width | tcas 20 | 10,000} 20; 10,000] 25] 10,000] ns 
RAS to CAS delay time tacop 20 50 20 60} 25 75 | ns 4 
RAS to column address delay time trap 15 35] 15 40] 20 50! ns 11 
CAS to RAS precharge time tore 5 5 10 | ns 
Row address set-up time tasr 0 0 0 ns 
Row address hold time tRAH 10 10 15 ns 
Column address set-up time tasc 0 | 0 0 ns 
Column address hold time tCaAH 15 15 ji 20 | ns 
Column address hold referenced to RAS tar 55 60 75 ns 6 
Column Address to RAS lead time tRAL 35 40 50 ns 
Read command set-up time tros 0 0 0 ns 
Read command hold referenced to CAS trcH | 0 0; 0 ns 
Read command hold referenced to RAS tRRH 0 0 0 ns | 9 
Write command hold time twcH 15 15 [ 20 ns 
Write command hold referenced to RAS twcr 55 60 75 | ns 6 
Write command pulse width twp | 15 15 | 20 ns 
Write command to RAS lead time tRWL 20 20 25 ns 
Write command to CAS lead time tow 20 20 25 ns 
Data-in set-up time tos 0 0 0 ns 10 | 
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KM44C1000ASL CMOS DRAM 
AC CHARACTERISTICS (Continued) 
KM44C1000ASL-7 | KM44C1000ASL-8 | KM44C1000ASL-10 
Standard Operation Symbo 7 Unit | Notes 
Min Max Min Max Min Max 
Data-in hold time toH 15 20 ns 10 
Data-in hold referenced to RAS toHR 60 75 ns | 6 
Refresh period (1024 cycles) tREF 256 256 256 | ms 
Write command set-up time twes 0 0 ns {| 8 | 
CAS to write enable delay tcwo | 50 60 ns 8 
RAS to write enable delay trwo 110 135 | ns 8 
Column address to W delay time tawo | 70 [ 85 | ns 8 
CAS setup time (C-B-R refresh) tcsR 10 10 ns 
GAS hold time (C-BR refresh) | teres 30 30 | ns 
RAS precharge to CAS hold time _ tRec 10 10 ns 
CAS precharge (C-B-R counter test) tcpt 40 | 50 ns 
Access time from CAS precharge tcpa 45 I 45 [ i 55 | ns 3 
FAst Page mode cycle time tpc 50_ 60 ns | 
CAS precharge time (Fast page mode) tcp 10 10 | ns 
| RAS hold time from CAS precharge tRHCP ae peel ieee 7 
AO OE I UE Peel spe St Ap ee ei NS | 
| Fast page mode read-modify-write tprwc | 105 105 125 ns 
| RAS pulse width (Fast page mode) tRasP 200,000 | 80 | 200,000 | 100 | 200,000 | ns 
| Write command set-up time (Test mode in) | _twts | 10) 10 | 10 ns 
| Write command hold time (Test mode in) tWTH 10; | 10 | eee 
| W to RAS precharge time (C-B-R refresh) | twrp 10 10 | 10 ns 
W to RAS hold time (C-B-R refresh) twRH | 10 10 10 |_ns 
RAS hold time referenced to OE tron | 20 | 20} 20 | ns 
OE access time toEA 20 ‘- 20 25 | ns 
OE to data delay toeD 20 20 25 ns 
Output buffer tum off delay time from OE toez 0 20 0 20 0 25 i ns 
OE command hold time toEH 20 20 25 ns 
§ SAMSUNG ee 
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TEST MODE CYCLE (Note. 12) 
KM44C1000ASL-7 | KM44C1000ASL-8 }KM44C1000ASL-10 
Standard Operation Symbol Unit | Notes 
Min Max Min Max Min Max 
Random read or write cycle time 
| Read-modify-write cycle time ___| trwe 190° of 210 ; 250 ns “| 
Access time from RAS |_ trac So OP 85 105} ns |3,4,11 
| Access time from CAS tcac 25 25| | —-30| ns | 3,4,5 
Access time from column address tan 40 { 45 55; ns | 3,11 
RAS pulse width |_tras 75 | 10,000 | 85; 10,000 | 105 | 10,000 | ns | 
CAS pulse width tcas_ | 25] 10,000; 25) 10,000| 30] 10,000 | ns | | 
| RAS hold time tas | 25 25 [30 | ns 
| CAS hold time tcsH 75 85 105 | ns 
Column address to RAS lead time tra. _| 40 45 55 ns 
CAS to write enable delay tcwo 55 | 55 65 ns | 
RAS to write enable delay trwo =| 105 115 140 | ns 
| Column address to W delay time tawp 70 { 75 90 | ns | 8 
Fast mode cycle time tpo | 55 55 65 ns 
Fast page mode read-modefy-write tprwce | 110 110 130 | ns 
RAS pulse width (Fast page mode} tRASP 75 | 200,000 | 85 | 200,000 | 105 | 200,000 | ns 
Access time from CAS precharge tcPA 50 [ 50 60 | ns 3 
OE access time toe | 25 25 | 30 | ns 
OE to data delay |_toep ii 25 25 30 eee 
OE command hold time 














NOTES 


1. 





An initial pause of 200us is required after power- 
up followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 























sheet as electrical characteristics only. If 
twcs2twcsimin) the cycle is an early write cycle and 
the data out pin will remain high impedance for the 


2. Vix(min) and Vit(max) are reference levels for measur- duration of the cycle. If tcwo2tcwo(min) and 
ing timing of input signals. Transition times are trwo2trwo(min) and tawo2tawomin), then the cycle 
measured between Vinimin) and Vit(max), and are is a read-write cycle and the data out will contain 
assumed to be 5ns for all inputs. the data read from the selected address. If neither 

3. Measured with a load equivalent to 2 TTL loads and of the above conditions are satisfied, the condition 
100pF of the data out is indeterminate. 

4. Operation within the trcpimax) limit insures that 9. Either trcH or taRH must be satisfied for a read 
tRac(max) Can be met. tracpimax) is specified as a cycle. 
reference point only. If trcp is greater than the 10. These parameters are referenced to the CAS 
specified trcp(max) limit, then access time is con- leading edge in early write cycles and to the W 
trolled exclusively by tcac. leading edge in read-write cycles. 

5. Assumes that tacp2trcp(max). 11. Operation within the trabimax) limit insures that 

6. tar, twor, tpHR are referenced to trapimax) tRac(max) can be met. trRapimax) is specified as a 

7. This parameter defines the time at which the out- reference point only. If trap is greater than the 
put achieves the open circuit condition and is not specified trapimax) limit, then access time is con- 
refernced to Vou or VoL. trolled by taa. 

8. twcs, tawo, tcwo and tawp are non restrictive 12. These specifications are applied in the test mode. 
operating parameters. They are included in the data 

Pt 229 
c SAMSUNG 


Electronics 


KM44C1000ASL CMOS DRA 





TIMING DIAGRAMS 
READ CYCLE 


tre 


tras trp 





Vin— 


Vit— taR 
“re a i we 
tcas 
= Vie— “ae | 
Vit— tase 


Vv VX 7 — 
IH#— ROW 
vu XXX ABs 





; «X) 7 amma 0s —onaaa 
bie eas 
vni= vermont 2 TERRIER 
W i COO Ry) | OMe 





i= VY YYVVYVYVY VV 
FE XK SSI 


Vit— 


YY YYYYWWI®W®@¥” W@ W@YJYY”W@YPAYWJYW@WYP&®P®PY(WWIWJY”WJYP#P” 
torr 


-tRAC 
VoH— VV e 
DQ1-DQ, Gsie a OPEN (x x VALID DATA-OUT 


it 
oO 
> 
(?) 
me 





























teiz 
WRITE CYCLE (EARLY WRITE) 
—trc — 
— tras — tap — 
RAS Vie [~ igs 4 
Vit— 
— tcsH —-|/- tcrP — 
ies la trop tRSH seal 
ea Vin— : tcas—7 
CAS Viet [trap 
tasc 
tasR tRAH tCAH 





YVWVVVVVV V/V V/V/V VV VY VVVV 
ONO ONe nn nneininininint 


Pai 
sw SRR) ae XX 

















tWcH 
Vin— YOON twe ~avavavavava¥ava¥ava¥avavavavava’a’a’a¥a’aala¥ava’, 
Ww ne SSN RY RRR) 
H eae i 
=? Vin— VYVYVYV/VVJVYVVV/ OM AVAYATatata¥atatata¥aNetaranatata¥ataWatey MVS VIA /YYV/YVVVVVVVV 
OE va SYR RR i 
tpHR 





tos j toH 
Vip— 


DQ,-DQ4 Vi ( VALID DATA-IN J OPEN 


Xoo CARE 
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TIMING DIAGRAMS (Continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 














——________—- - trc--- . ott ce — 
be ~ tras —} tap-— - 
ViH— 
—= t 
RAS hol 
Vit— 
: {CSH - — 
CRP 
= taco tRSH =| 




















CAH 


Vin— WIVVVV OAR VV VV VY 
A va KOKO BBBhess ALK SSuneSS ERR ARR) 


tcwL ——4J 
tRWL 


ee Vin— 
~ fea = 



















































(at Vip— VUVYVVUVJV VV VV VV VV PII VI VV VV VV VV VV VV V/V 
. Va RRO OL — tre — RA AAA 
_— Viq— VY S/V/UVVSPAJVVV cAI AAV VV VV VV VV VV 
oF Va BORE RKY uy 
co XK 
































SY VAAAAA/LAA/YVYVYVAASYAANAAA/ 
RDBRLSS _ PKK Ri 


ADDRESS XX XXX X 














tcwo — = tcwl——— 















tawb — tRWL — 
| 








S| 
< 
zr 

| 


1 VM/VY VVVV VYVVYV/VY¥ 
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twp 

































aks Vin-— QWIYWVVVVVWVVIVV IOV VV Y : 
OE Va SRR RK, 
tc ac tos | Dane 
[a tRAC | 
ae, Gace ED NGG 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE READ CYCLE 














































































t 
[— - ee tRHCR = 
are Vid— ieee — stl fe ACR > 
Vi— 
tec 
tcrP| | ies Bs 
CAS va —tcas tcas 
i= trad 
tRAL 
ase tRaH __tasc tCAH tasc| | tcaH 
ViH— YA on X\) —— XXX) COLON NARS (x) C STEW tie AXXXXX XXX) 
Vii— XA) ADD J XY ( RBonees Ky 0.04, ( aooReSs ) “0,408 X) ( Koes (X OOO 
te] [inal et Hs a cet 
_e Vip~ VYVYAAKAZG 7] We v, YYXYVK W 
w va RORY | V ) seme NRRS 
taa— taa 
VIH () ) XX) eXYY) ae LTT RYVVY YY) toga KKK YX) MAA/SYV 
ia, — RRAXYVOIVOUVVVUVY vay, “4 Y, v, V4 VV 
OE Tan ORK | RRA) ARSON | ARR 
; acd tcac 
— RAC 
ie pr | eta 
VoH— QV VALID A/ VALID 
Cor004 en 05 CID men's CEE 





FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 























































































tre 
RAS aa 
AAS Vin—- 
CAS vice N f 
| sd 

" sas an ane se real] || 

, un A . LN Se. -mooress YX) 
Cy : | 
i Vie— V/V/V VVVVVY VUVVVVYV (VYV 
mie TRB | we ARRERERN oe — ARN 
7 Vin—- KKK ORK KIO RR XO K AAA KR XAAVYY YM YAAVYVYVVVY 7 YY WIJ VJ VIV/VVVV VV VV VAS/VV 
cE Vin DARRARRRRR RAR ROR ROAR RK KKK ODL 
tos | ton 

vou WYXXXKMY 04 au OX KXXKXKAAAAY 

papa, ve, YX WK datcin | NW NGs 
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TIMING DIAGRAMS 6 continuea) 
FAST PAGE MODE READ-MODIFY-WRITE 











trp 
trasp 
RAS ie 
Vit— 
tesH 
tprwe tRSH 
tcp 
trcp tcas _- ings CRP 


CAS Vii— | 


tasrR | 
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A Ve GARDE 805 OY KM 05 KAN 05 KR RK RY 
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ial i 
. : | CWL 
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OE ViL— 
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TIMING DIAGRAMS 6ccontinued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 








RAS Vip— 
ViL— 
Vin~ YOK ARYYY AAI TAA IAAI ARAKARARAII I 
ORS Ve ORK REE RR 


VW) VYYIVYYVYV 
PI row nooness KR 


A Vin 
Vit— 
}--—- tcRP p—- trec 


DQ ;-DQ, entreaties (-) PF 








CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: OE, Address = Don’t Care 








































——————err oA 

se: Vip— 
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Vit— 

ViH— OI AIIKAI AAD 
OS XXX KRY 

twrpP twRH 

Vin— AAAKAAIV AAAS r\AAAAA/YVYVYAVVYVYVYVAVYVVYWV VV YVYVYVYVYVYVVVYVVYV 

Wve DIY KK KKK KKK EXKIK 
torr 

ViIOH 

DQ1-DQ4 ee OPEN 
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TIMING DIAGRAMS continued) 
HIDDEN REFRESH CYCLE (READ) 


‘ae tre - 
ee tras 















ViH— 
taR 





RAS 
Vit— 
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TIMING DIAGRAMS (continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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TIMING DIAGRAMS (Continued) 


TEST MODE IN CYCLE 
NOTE: OE, Address=Don't Care 


trc 








tras trp 





RAS Vin— 














tarc 
Vit— 
tcp tcsr 
| 1G 
— Vip— 
CAS 
Vit— 
t 
= twTH 
Ww MD MAX XY 
WwW 
Wi CORRS 
torr 
DQ;-DQ. ViioH — N 
VuioL — 


TEST MODE DESCRIPTION 


The KM44C1000ASL is the RAM organized 1,048,576 
words by 4 bit, itis internally organized 524,288 words 
by 8 bits. In “Test Mode”, data are written into 8 sec- 
tors in parallel and retrieved the same way. Column ad- 
dress bit Ao is not used. If, upon reading, two bits on 
one I/O pin are equal (all ‘‘1’’s or ‘‘0’’s), the I/O pin in- 
dicates a ‘‘1”’. If they were not equal, the I/O pin would 


YV¥Y 


AX XXX 





YY XXYYR 


ORY) ae La eneenrnaen YY 
NY AXA NNRNNRY XARA ANN 


RR 
INRIA 


XK 


RR RARYEEEN RR 
BARA ARAAXANN 


OPEN 


XX DON’T CARE 


indicate a “‘O’’. In “Test Mode”, the 1MxX4 DRAM can 
be tested as if it were a 512KxX4 DRAM. W, CAS- 
Before-RAS Cycle (Test Mode in Cycle) puts the device 
into “Test Mode”. And “CAS-Before-RAS Refresh Cy- 
cle” or “RAS only Refresh Cycle” puts it back into “‘Nor- 
mal Mode”. The “Test Mode” function reduces test time 
(1/2 in cases of N test pattern). 
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DEVICE OPERATION 


Device Operation 


The KM44C1000ASLcontains 4,194,304 memory loca- 
tions. Twenty address bits are required to address a par- 
ticular memory location. Since the KM44C1000ASL_ has 
only 10 address input pins, time multiplexed addressing 
is used to input 10 row and 10 column addresses. The 
multiplexing is controlled by the timing relationship bet- 
ween the row address strobe (RAS), the column address 
strobe (CAS) and the valid row and column address 
inputs. 


Operating of the KM44C1000ASL begins by strobing in 
a valid row address with RAS while CAS remains high. 
Then the address on the 10 address input pins is chang- 
ed from a row address to a column address and is strobed 
in by CAS. This is the beginning of any KM44C1 OOOASL 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The cy- 
cle is terminated when both RAS and CAS have return- 
ed to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (trp) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tae, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM44C1000ASL begin a complex sequence of events. 
If the sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 

Aread cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. If CAS goes low 
before trcp(max), the access time to valid data is 
specified by trac. If CAS goes low after tacp(max), the 
access time is measured from CAS and is specified by 
tcac. In order to achieve the minimum access time, 
trac(min), it is necessary to bring CAS low before 
tacp(max). 


Write 

The KM44C1000ASL can perform early write, late write 
and read-modify-write cycles. The difference between 
these cycles is in the state of data-out and is determin- 
ed by the timing relationship between W and CAS. In any 
type of write cycle, Date-in must be valid at or before 
the falling edge of W or CAS, whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common I/O applications because 
the data-in and data-out pins may be tied together without 
bus contention. 


Read-Modify-Write: \n this cycle, valid data from the ad- 
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca- 
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write cycle tim- 
ing requirements. This cycle requires using a separate 
1/O to avoid bus contention. 


Late Write: |f W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, trwo, tcwo and tawp, are not necessarily 
met. The state of date-out is indeterminate since the out- 
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate I/O to 
avoid bus contention. 


Data Output 

The KM44C1000ASL has a three-state output buffer 
which is controlled by CAS. Whenever CAS is high (Vin) 
the output is in the high impedance (Hi-Z) state. In any cy- 
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tciz after the falling edge of CAS. Invalid data may be 
present at the output during the time after tciz and 
before the valid data appears at the output. The timing 
parameters tcac, trac and taa specify when the valid 
data will be present at the output. The valid data remains 
at the output until CAS returns high. This is true even if 
anew RAS cycle occurs (as in hidden refresh). Each of 
the KM44C1000ASL operating cycles is listed below 
after the corresponding output state produced by the 
cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-before-RAS Refresh, CAS-only 
cycle. OE controlled write. 


Indeterminate Output State: Delayed Write 


Refresh 

The data in the KM44C1000ASL is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
256 ms. There are several ways to accomplish this. 
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DEVICE OPERATION (Continued) 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 


CAS-before-RAS Retresh: The KM44C1000ASL has CAS- 
before-RAS on-chip refreshing capability that eliminates 
the need for external refresh addresses. If CAS is held 
low for the specified set up time (tcsr) before RAS goes 
low, the on-chip refresh circuity is enabled. An internal 
refresh operation automatically occurs. The refresh ad- 
dress is supplied by the on-chip refresh address counter 
which is then internaily incremented in preparation for the 
next CAS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM44C100OASL hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
KM44C1000ASL by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. These are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


Fast Page Mode 

The KM44C1000ASL has Fast Page mode capability. Fast 
Page mode memory cycles provide faster access and 
lower power dissipation than normal memory cycles. In 
Fast Page mode, it is possible to perform read, write or 
read-modify-write cycles. As long as the applicable tim- 
ing requirements are observed, it is possible to mix these 
cycles in any order. A Fast Page mode cycle begins with 
anormal cycle. Then, while RAS is kept low to maintain 
the row address, CAS is cycled to strobe in additional 
column addresses. This eliminates the time required to 
set up and strobe sequential row address for the same 
page. Up to 2048 memory cells can be accessed with 
the same row address. 


CAS-Before-RAS Refresh Counter 
Test Cycle 


A special timing sequence using the CAS-before-RAS 


counter test cycle provides a convenient method of veri- 
fying the functionality of the CAS-before-RAS refresh ac- 
tivated circuitry. 


After the CAS-before-RAS refresh operation, if CAS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 


This is shown in the CAS-before-RAS counter test cy- 
cle timing diagram. A memory cell can be addressed with 
10 row address bits and 10 column address bits defin- 
ed as follows: 


Row Address—Bits Ao through Ag are supplied by the 
on-chip refresh counter. 


Column Address—Bits Ao through Ag are strobedin by 
the falling edge of CAS as in a normal memory cycle. 


Suggested CAS-Before-RAS Counter Test 


Procedure 
The CAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 


1. Initialize the internal refresh counter by performing 
_ 8 CAS-before-RAS cycles. 

2. Write a test pattern of ‘lows’ into the memory cells 
at a single column address and 1024 row addresses. 
(The row addresses are supplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the “lows” writ- 
ten during step 2 and write “highs” into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory celis. 

4. Read the “highs” written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


Power-up 

If RAS=Vgg during power-up, the KM44C1000ASL could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. It is recommended that RAS and CAS track 
with Vcc during power-up or be held at a valid Vin in 
order to minimize the power-up current. 


An initial pause of 200us is required after power-up 
followed by.8 CBR or ROR cycles before proper device | 
operation is achieved. 
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PACKAGE DIMENSIONS | 
- 20-LEAD PLASTIC DUAL IN-LINE PACKAGE 
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lo. 115 (2.92) 
MIN 
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0.260 (6.60) 
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PACKAGE DIMENSIONS 6 continueq) . 
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE Units: Inches (millimeters) 
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1MX4 Bit CMOS Dynamic RAM with Static Column Mode 


FEATURES 


© Performance range: 


KM44C1002A- 7 20ns 





130ns 
1 Paeme | 


KM44C1002A- 8 20ns 
25ns 1 | 180ns 











Static Column Mode operation 

CS-before-RAS Refresh Capability 

RAS-only and Hidden Refresh Capability 

8-bit fast parallel test mode Capability 

TTL compatible inputs and output 

Early Write or Output Enable Controlled Write 
Single +5V+10% power supply 

1024 cycles/16ms refresh 

JEDEC standard pinout 

Available in Plastic SOJ, DIP, ZIP 


FUNCTIONAL BLOCK DIAGRAM 






RAS! CONTROL & 
CS—~| CLOCK 
W 






REFRESH CONTROL & 
ADDRESS COUNTER 


|_| COLUMN DECODER 
t-]_ SENSE AMPS & I/O 








Ao 


ml 
m 








MEMORY ARRAY 
1,048,576 X 4 


Cells 


ADDRESS BUFFERS 
ROW DECODER 


Ag 


° KM44C1002AP 





GENERAL DESCRIPTION 


The Samsung KM44C1002A is a high speed CMOS 
1,048,576 bit X 4 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 


The KM44C1002A features Static Column Mode opera- 
tion which allows high speed random or sequential ac- 
cess within a row. Static Column Mode operation offers 
high performance while relaxing many critical system tim- 
ing requirements for fast usable speed. 


CS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only refresh. All inputs 
and output are fully TTL compatible. 


The KM44C1002A is fabricated using Samsung’s ad- 
vanced CMOS process. 


PIN CONFIGURATION (Top Views) 


e KM44C1002AJ °¢ KM44C1002AZ 








Ao-Ag 
DQ;-DQ4 





Address Inputs 
Data In/Out 


Ww | Resanite rout 
6E | Data Output Erato 
RAS 
cs 














Row Address Strobe 
Chip Select Input 
Power (+5V) 











Vss 
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ABSOLUTE MAXIMUM RATINGS* 


=1 to +7.0 v 
Tatg =55 to +150 °C 
| Power Dissipation =| PT | 
Short Circuit Output Current | tos S| mA 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect devi_2 reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=0O to 70°C) 

























Supply Voltage 
Ground Vss 











Input High Voltage Vin 
input Low Voltage Vit 
DC AND OPERATING CHARACTERISTICS (0°c<ta<70°C, Vec=5.0V+10%) 


(Recommended operating conditions unless otherwise noted) 


Parameter 


KM44C1002A- 7 
KM44C1002A- 8 
KM44C1002A-10 


Operating Current* 
(RAS, CS, Address Cycling @ tac=min) 


Standby Current (RAS=CS=Vin) 


RAS-Only Refresh Current* 
(RAS Cycling, CS=Vin, @ tac=min) 








KM44C1002A- 7 
KM44C1002A- 8 
KM44C1002A-10 


KM44C1002A- 7 
KM44C1002A- 8 
KM44C1002A-10 





Static Column Mode Current* 
(RAS=CS=Vi_, Address Cycling @tsc=min) 





Standby Current (RAS=CS=W2Vcc-0.2V) 


KM44C1002A- 7 
KM44C1002A- 8 
KM44C1002A-10 


CS-Before-RAS Refresh Current* 
(RAS and CS Cycling @ trac=min.) 


Standby Current (RAS=Vin, CS=Vi, Dour=Enable) 


Input Leakage Current (Any input O<Vin<6.5V, 
all other pins not under test=0 volts.) 














Output Leakage Current (Data out is disabled, OV<Vour<5.5V) 
Output High Voltage Level (lou=—5mA) 
Output Low Voltage Level (loL=4.2mA) 














*NOTE: Icc1, Icc3, Icca, lcce are dependent on output loading and cycle rates: Specified value are obtained 
with the output open. Icc is specified as average current. lcci, Icc3, Icce, Address can be changed 
maximum two times while RAS=Vic. Icc4, Address can be changed maximum once while CS=Vjy. 
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CAPACITANCE (ta=25°c) 


Input Capacitance (Ag-Ae) Se ie Ones = ile Sees oe Oa 
Input Capacitance (RAS, CS, W, OF) | | Cuz | | Tr 
Output Capacitance (DQ1-DQ4) | cour | CU 7 pF 
















AC CHARACTERISTICS (0°c<ta<70°c, Vec=5.0V+10%, See notes 1,2) 


KM44C1002A-7 | KM44C1002A-8 
Standard Operation 


[Random read or write cycletime | ta 130 
[Read-modify-write cycle time | tre 

tRA 

toa 


—_ 

o 

oO = 
~N o De) y/o 
alo °o °o an!|o 


KM44C1002A-10 









R 
[Access time from RAS | tn | 
[Access time from@S_ | tow | 
et) 

: 





185, 
| 20] 

eo ee 
CS to output in Low-Z ftaz | 5| | 
| 15 
[Transition time (rise andfal) sss [tr S| 3] 80 3 
[RAS prechargetime = s/s ste | 80] | 60 
RAS hold time trsH_ | 20 
CS hold time ltesy | 7o| 
CS pulse width 
RAS to CS delay time 
RAS to column address delay time 
CS to RAS precharge time 
Row address set-up time 
Row address hold time 
Column address set-up time 
Column address hold time 
Column address hold referenced to RAS 
Column Address to RAS lead time 
tacs 
Read command hold referenced to CS tRCH 
Read command hold referenced to RAS tRRH 
Write command hold time 
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AC CHARACTERISTICS (Continuea) 


| 
—_ 
o 


(ev) 
“ 
NO 


KM44C1002A-7 |KM44C1002A-8 |KM44C1 002A- 


Pe 

| 

ioe 
Data-in hold time P| 
Data-in hold referenced to RAS — 
Refresh period (1024 cycles) 16 
Write command set-up time = 
CS to write enable delay time 50 
RAS to write enable delay time 
Column address to W delay time 65 70 
CS setup time (C-B-R refresh) 10 


CS hold time (C-B-R refresh) cHR | 20 


aad 

fae = 0 
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see oe 
| 65 
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CS precharge (C-B-R counter test) | 40) 


Static column mode cycle time tsc 
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TEST MODE CYCLE (Note. 13) 


ea 
| 8 
| 45 













KM44 KM44C1002A-10 


7 
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iJ 
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Notes 






Standard Operation 


Random read or write cycle time 
Read-modify-write cycle time 


Access time from RAS 
Access time from CS ; 
Access time from column address 
RAS pulse width 


i 
[CShoidtime | tes 
tr 
tow 


RAS to write enable delay 
Column address to W delay time 
Static column mode cycle time 


75 
a 

JOE accesstime | ta 
JOE to datadetay | toe 
[OE command holdtime | toes 
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NOTES 

1. An initial pause of 200us is required after power- and the data out pin will remain high impedance for 
up followed by any 8 CBR or ROR cycles before the duration of the cycle. If tewo2tcwoimin) and 
proper device operation is achieved. trwo2trawp(min) and tawo2tawoiminy, then the cycle 

2. Vik(min) and Vitimax) are reference levels for measur- is a read-write cycle and the data out will contain 
ing timing of input signals. Transition times are the data read from the selected address. If neither 
measured between Virimin) and Vit(max, and are of the above conditions are satisfied, the condition 
assumed to be 5ns for all inputs. of the data out is indeterminate. 

3. Measured with a load equivalent to 2 TTL loads and 9. Either tac or trrH must be satisfied for a rac 
100pF cycle. 

4. Operation within the tacp(max) limit insures that 10. These parameters are referenced to the cs leading 
trac(max) can be met. trcpimax) is specified as a edge in early write cycles and to the W leading edge 
reference point only. If tacp is greater than the in read-write cycles. 
specified trcp(max) limit, then access time is con- 11. Operation within the trRapimax) limit insures that 
trolled exclusively by tcac. trac(max) can be met. trapimax) is specified as a. 

5. Assumes that trcp>trcpimax). reference point only. If trap is greater than the 

6. tawr, twor, tour are referenced to trapimax) specified trapimax) limit, then access time is con- 

7. This parameter defines the time at which the out- trolled by taa. 
put achieves the open circuit condition and is not 12. Operation within the tLwapimax limit insures that 
refernced to Vou or VoL. taLwimax) can be met. tLwap(max is specified as a 

8. twos, trawp, tcwo and tawp are non restrictive reference point only. ttwap is greater than the 
operating parameters. They are included in the data specified tLwap(max) limit, then access time is con- 
sheet as electrical characteristics only. If trolled by taa. 


twcs2twcs(min) the cycle is an early write cycle 13. These specifications are applied in the test mode. 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS 6(continuea) 
WRITE CYCLE (OE CONTROLLED WRITE) 
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TIMING DIAGRAMS (Continued) 
STATIC COLUMN MODE READ CYCLE 
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TIMING DIAGRAMS (Continued) 
STATIC COLUMN MODE WRITE CYCLE (CS CONTROLLED EARLY WRITE) 
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STATIC COLUMN MODE READ-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
STATIC COLUMN MODE MIXED CYCLE 
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TIMING DIAG RAMS (Continued) 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS (Continued) 
CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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TIMING DIAGRAMS (Continued) 


TEST MODE IN CYCLE 
NOTE: D, Address=Don't Care 
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TEST MODE DESCRIPTION 


The KM44C1002A is the RAM organized 1,048,576 
words by 4 bit, it is internally organized 524,288 words 
by 8 bits. In “Test Mode”, data are written into 8 sec- 
tors in parallel and retrieved the same way. Column ad- 
dress bit Ao is not used. If, upon reading, two bits on 
one I/O pin are equal (all “1s or ‘‘O’’s), the I/O pin in- 
dicates a “1”. If they were not equal, the I/O pin would 


V 


OPEN 


RY DON’T CARE 


indicate a ‘‘O’’. In “Test Mode’, the 1Mx4 DRAM can 
be tested as if it were a512K4 DRAM. W, CS Before 
RAS Cycle (Test Mode in Cycle) puts the device into 
“Test Mode”. And “CS Before RAS Refresh Cycle” or 
“RAS only Refresh Cycle” puts it back into “Normal 
Mode’. The “Test Mode” function reduces test time (1/2 
in cases of N test pattern). 
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DEVICE OPERATIONS 


Device Operation 

The KM44C1002A contains 4,194,304 memory loca- 
tions organized as 1,048,576 four-bit words. Twenty ad- 
dress bits are required to address a particular 4-bit word 
in the memory location. Since the KM44C1002A has on- 
ly 10 address input pins, time multiplexed addressing is 
used to input 10 row and 10 column addresses. The 
multiplexing is controlled by the timing relationship bet- 
ween the row address strobe (RAS), the chip select in- 
put (CS) and the valid row and column address inputs. 


Operating of the KM44C1002A begins by strobing in 
a valid row address with RAS while CS remains high. Then 
the address on the 10 address input pins is changed from 
a row address to a column address and is strobed in by 
GS. This is the beginning of any KM44C1002A cycle 
in which a memory location is accessed. The specific type 
of cycle is determined by the state of the write enable 
pin and various timing relationships. The cycle is ter- 
minated when both RAS and CS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time (trp) 
requirement. 


RAS and CS Timing 

The minimum RAS and CS pulse widths are specified by 
tras(min) and tcs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CS pulse widths. In addition, a new 
cycle must not begin until the minimum RAS precharge 
time, trp, has been satisfied. Once a cycle begins, in- 
ternal clocks and other circuits within the KM44C1002A 
begin a complex sequence of events. If the sequence 
is broken by violaiinc sainimum timing requirements, loss 
of data integrity can occur. 


Read 

Aread cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. But the access time also depends on the falling 
edge of CS and on the valid column address transition. 


If CS goes low before tacp(max) and if the column ad- 
dress is valid before trap(max) then the access time to 
valid data is specified by trac(min). However, if CS goes 
low after trcp(max) or if the column address becomes 
valid after trap(max), access is specified by tcac or taa. 
In order to achieve the minimum access time, trac(min), 
it is necessary to meet both tacp(max) and trap(max). 


The KM44C1002A has common data I/O ) pins. For this 
reason and output enable control input (OE) has been 


proviced so the output buffer can be precisely controll- 
ed. For data to appear at the outputs, OE must be low 
for the period of time defined by toga and toez. 


Write 

The KM44C1002A can perform early write, late write 
and read-modify-write cycles. The difference between 
these cycles is in the state of data-out and is determin- 
ed by the timing relationship between W, OE and CS. 
In any type of write cycle, Date-in must be valid at or 
before the falling edge of W or CS, whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CS. The 4-bit wide data at the data in- 
put pins is written into the addressed memory cells. 
Throughout the early write cycle the output remains in 
the Hi-Z state. In the early write cycle the output buffers 
remain in the Hi-Z state regardless of the state of the OE 
input. 


Read-Modify-Write: \|n this cycle, valid data from the ad- 
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca- 
tion. This cycle is achieved by bringing W low after CS 
and meeting the data sheet read-modify-write cycle tim- 
ing requirements. The output enable input (OE) must be 
low during the time defined by toe, and toez for data to 
appear at the output. If tewp and trwp are not met the 
output may contain invalid data. Conforming to the OE 
timing equirement prevents bus contention on the 
KM44C1002A’s DQ pins. 


Data Output 

The KM44C1002A has a three-state output buffer which 
is controlled by CS and OE. Whenever CS or OE is high 
(Vin) the output is in the high impedance (Hi-Z) state. In 
any cycle in which valid data appears at the output the 
output goes into the low impedance state in a time 
specified by tciz after the falling edge of CS. Invalid data 
may be present at the output during the time after tciz 
and before the valid data appears at the output. The tim- 
ing parameters tcac, trac and taa specify when the valid 
data will be present at the output. This is true even if a 
new RAS cycle occurs (as in hidden refresh). Each of 
the KM44C1002A operating cycles is listed below after 
the corresponding output state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Static Column Read, Static Column Mode Read- 
Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Static 
Column Mode Write, CS-before-RAS Refresh, CS-only 
cycle. OE Controlled write. 

Indeterminate Output State: Delayed Write 





+H SANISUNG 


256 


KM44C1002A 


CMOS DRAM 





DEVICE OPERATIONS (Continued) 


Refresh 

The data in the KM44C1002A is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
16 ms. There are several ways to accomplish this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CS remains high. This cycle must 
be repeated for each row. 


CS-before-RAS Refresh: The KM44C1002A has CS- 
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If CS is held low 
for the specified set up time (tcsr) before RAS goes 
low, the on-chip refresh circuitry is enabled. An internal 
refresh operation automatically occurs. The refresh ad- 
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CS active time and cycling RAS. The 
KM44C1002A hidden refresh cycle is actually a CS- 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
KM44C1002A by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. There are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CS- 
before-RAS refresh is the preferred method. 


Static Column Mode 
Static Column Mode allows high speed read, write or 
read-modity-write random access to all the memory cells 


within a selected row. Operation within a selected row 
is similar to a static RAM. The read, write or readmodify- © 


write cycles may be mixed in any order. 


A Static Column mode read cycle starts as a normal cy- 
cle. Additional cells within the selected row are written 
by applying a new column address while W=ViH and 
RAS=ViL. 


A Static Column mode write cycle starts as a normal cy- 
cle. Additional cells within the selected row are written by 
applying a new column address while RAS=Vj_ and tog- 
giling either W or CS. The data is written into the cell 
trigered by the latter fallin edge of W or CS. 


CS-before-RAS Refresh Counter Test 
Cycle 

A special timing sequence using the CS-before-RAS 
refresh counter test cycle provides a convenient method 
of verifying the functionality of the CS-before-RAS refresh 
activated circuitry. 


After the CS-before-RAS refresh operation, is CS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 


This is shown in the CS-before-RAS counter test cycle 
timing diagram. A memory cell can be addressed with 
10 row address bits and 10 column address bits defin- 
ed as follows: 


Row Address—Bits Ao through Ag are supplied by the 
on-chip refresh counter. 


Column Address—Bits Ao through Ag are strobed-in by 
the falling edge of CS as in a normal memory cycle. 


Suggested CS-before-RAS Counter Test 


Procedure __ 
The CS-before-RAS refresh counter test cycle timing is 
used in each of the following steps: 


1. Initialize the internal refresh counter by performing 
8 cycles. 

2. Write a test pattern of “lows” into the memory cells 
at a single column address and 1024 row address. 
(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycles, read the “lows” writ- 
ten during step 2 and write ‘‘highs” into the same 
memory locations. Perform this step 512 times so 
that highs are written into the 512 memory cells. 

4. Read the “highs” written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


Power-up 

If RAS=Vss during power-up, the KM44C1002A could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. It is recommended that RAS and CS track 
with Vcc during power-up or be held at a valid Vix in 
order to minimize the power-up current. 


An initial pause of 200us is required after power-up 
followed by any 8 RAS cycle before proper device opera- 
tion is achieved. 
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PACKAGE DIMENSIONS 
20-LEAD PLASTIC DUAL IN-LINE PACKAGE 


Unit: Inches (Millimeters) 


0.962(24.43) 
0.972(24.69) 









0°-10° 










0.279(7.08) 
0.293(7.44) 
0.325(8.26) 





0.300(7.62) 





CTT OoToyTocy oOo 
0. 


LJ by tC Lo == 
035(0.89) yi 
0.135(0.43) 0.055(1.40) 0.015(0.38) 0.009(0.23) 


0.145(3.68) 0.013(0.33) 














0.100(2.54) | 0.016(0.41) 
TYP 0.024(0.61) 


20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 


0.670(17.02) 
0.680(17.27) 


0.027(0.69) 


















0.275(6.98) 
0.330(8.38) 





0.340(8.64) 


0.008(0.20) 
0.012(0.30) 





0.260(6.60) 





0.295(7.49) 
0.305(7.75) 










0.128(3.25) 


0.026(0.68) 
0.032(0.81) 0.145(3.68) 


SO Ty 
0.050(1.27) 
MAX 


0.050(1.27) 0.015(0.38) 
TYP 0.021(0.53) 
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PACKAGE DIMENSIONS (continued) 
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


Units: Inches (millimeters) 


0.113(2.87) 
| 0.120(3.05) 


1.025(26.04) 
1.035(26.29) 















0.335(8.51) 





0.325(8.26) 
0.400(10.16) 





0.009(0.23) 
0.013(0.33) 





0.100(2.54) 


0.050(1.27) a 


MAX 


‘i 


0.100(2.54) 
MIN 
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1MX4 Bit CMOS Dynamic RAM with Fast Page Mode 
(Write Per Bit Mode) 


FEATURES 


Performance range: 


KM44C1010A- 7 





KM44C1010A- 8 








KM44C1010A-10 





Fast Page Mode operation 

Write Per Bit Mode Capability 
CAS-before-RAS refresh capability 
RAS-only and Hidden Refresh capability 
8-bit fast parallel test mode capability 
TTL compatible inputs and outputs 
Early write or Output Enable Controlled Write 
Single +5V+10% power supply 

1024 cycles/16ms refresh 

JEDEC standard pinout 

Available in Plastic DIP, SOJ and ZIP 


FUNCTIONAL BLOCK DIAGRAM 
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to 
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ADDRESS BUFFERS 
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Pin Name 


GENERAL DESCRIPTION 


The Samsung KM44C1010A is a high speed CMOS 
1,048,5764 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 


The KM44C1010A features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. 


CAS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only Refresh. All inputs 
and output are fully TTL compatible. 


The KM44C1010A is fabricated using Samsung’s ad- 
vanced CMOS process. 


PIN CONFIGURATION (top views) 


¢ KM44C1010AP 


© KM44C1010AJ 








Pin Function 
Address Inputs 





Row Address Strobe 























CAS Column Address Strobe 
Write Per Bit/Read/ 3] WW 
— rite Per Bi a 
ween Write Input 
OE Data Output Enable 
W;/DQ;~ | Write Select/Data In, 
W4/DQ4_ ; Out 
Voc Power (+5V) 








Vss 








Ground 
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1MX4 Bit CMOS Dynamic RAM with Static Column Mode 
(Write Per Bit Mode) 


FEATURES GENERAL DESCRIPTION 


¢ Performance range: The Samsung KM44C1012A is a high speed CMOS 
1,048,576X4 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
KM44C1012A- 7 70ns 20ns such as mainframes and mini computers, graphics and 
KM44C1012A- 8 | 80ns | 20ns high performance microprocessor systems. 


KM44C1012A-10 100ns 25ns 








Static Column Mode Operation allows high speed ran- 
dom or sequential access within a row. The KM44C1012A 





¢ Static Column Mode operation ; . ; bes 

¢ Write Per Bit Mode Capability offers high performance while relaxing many critical 
° CS-before-RAS refresh capability system timing requirements for fast usable speed. 

e RAS-only and Hidden Refresh capability = " 

° 8-bit fast parallel test mode capability CS-before-RAS refresh capability provides on-chip auto 
¢ TTL compatible inputs and outputs refresh as an alternative to RAS-only Refresh. All inputs 
¢ Early write or Output Enable Controlled Write and output are fully TTL compatible. 

e Single +5V+10% power supply : : 

© 1024 cycles/16ms refresh The KM44C101 2A is fabricated using Samsung’s ad- 
e JEDEC standard pinout vanced CMOS process. 

e Available in Plastic DIP, SOJ and ZIP 


FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATION (top Views) 
° KM44C1012AP ° KM44C1012AJ 
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° ti hn 
* |S }6] MEMORY ARRAY 
m}]O] 1,048,576x4 
° 2 4 | MEMORY CELLS 
wis 
e © 2 
* a 
Ke < Address Inputs 
RAS Row Address Strobe 
cs Chip Select Input W,/DQ, 
WE/w Write Per Bit/Read/ 
Write Input 
OE Data Output Enable 
W1/DQi~ | Write Select/Data In, 
W4/DQ4 Out 
Veco Power (+5V) 
Vss Ground 
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256KX 16 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES GENERAL DESCRIPTION 


¢ Performance range: The Samsung KM416C256 is a CMOS high speed 
262,144 bit X 16 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as personal computer, graphics and high perfor- 
mance portable computes. 











20ns 130ns 
20ns | 150ns 
25ns 180ns 


KM416C256- 7 | 70ns 
KM416C256- 8 | 80ns 
KM416C256-10 | 100ns 




















The KM416C256 features Fast Page Mode operation 
which allows high speed random access of memory cells 





¢ Fast Page Mode operation within the same row. CAS-before-RAS refresh capabili- 
° 2 CAS Byte/Word Read/Write operation ty provides on-chip auto refresh as an alternative to RAS- 
e CAS-before-RAS refresh capability only refresh. All inputs and outputs are fully TTL cont- 
¢ RAS-only and Hidden Refresh capability patible. 

e TTL compatible inputs and outputs 

¢ Early Write or output enable controlled write The KM416C256 is fabricated using Samsung’s advanc- 
¢ Triple +5V+10% power supply ed CMOS process. 

e 512 cycles/8ms refresh 

e JEDEC Standard pinout 

e¢ Available in Plastic SOJ 


FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATION (top views) 
° KM416C256J 
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Pin Name Pin Function Pin Name Pin Function 
Address Inputs Lower Column 
eee Data In/Out = Address Strobe 
Wes Ground as Read/Write Input 
RAS Row Address Strobe || OE Data Output Enable 
UCAS Upper Column Vec Power (+5V) 
Address Strobe N.C. No Connection 
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ABSOLUTE MAXIMUM RATINGS* 
































Parameter Symbol Rating Units 
| Voltage on Any Pin Relative to Vss Vin, Vout —1 to +7.0 f- V 
Voltage on Vcc Supply Relative to Vss_—| Voc Aa Se oe nO V 
Storage Temperature Tstg —55 to +150 °C 
Power Dissipation | Pp | 700 mw | 
Short Circuit Output Current | los 50 | mA 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=O to 70°C) 







Parameter 






Supply Voltage Vcc 
Ground Vss 0 

































Vv 

Input High Voltage VIH 2.4 — | Vect#1 V 

Input Low Voltage ViL —1.0 _— 0.8 Vv 
DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 











































































eee 
Parameter Symbol Min Max Unit 
Operating Current* KM416C256- 7 mA 
(RAS, UCAS, or LCAS, KM416C256- 8 Ioc1 = 125 mA 
Address Cycling @ trc=min) I KM416C256-10 _ 105 mA 
Standby Current (RAS=UCAS=LCAS) Ioc2 _ 2a MOA 
RAS-Only Refresh Current* gece : ] ee 2 ioe A 
(UCAS=LCAS, RAS Cycling @ tac=min) KM416C256-10 2 105 ran 
Fast Page Mode Current* KM416C256- 7 — 90 mA 
(RAS=Vi_, UCAS or LCAS, KM416C256- 8 loca _ 80 mA 
Address Cycling @ tpc=min) KM416C256-10 _ 70 | mA 
Standby Current (RAS=UCAS=LCAS2Vcc-0.2V locs = 1 mA 
CAS-Before-RAS Refresh Current* pe eOree € a uses ie 
(RAS, UCAS or CCAS Cycling @ trc=min) Revels 8), Gee wads (es oo A 
, KM416C256-10 (eee 105 mA 
Standby Current (RAS=Vin, UCAS or LCAS=Vi_ Dout=Enable) loc7 — 5 mA 
Input Leakage Current (Any input O<Vin<6.5V, 
: = Nit —10 10 pA 
all other pins not under test=O volts.) 
Output Leakage Current ee 
(Data out is disabled, OV<Vout<5.5V) lon 10 ae HN 
Output High Voltage Level (loo=—5mA) VoH 2.4 — V 
Output Low Voltage Level (loL=4.2mA) VoL _— 0.4 V 


*NOTE: Icc1, Ioc3, Icca, Icce are dependent on output loading and cycle rates. Specified value are obtained 
with the output open. Icc is spedified as average current. Icc1, Icc3, Icce, Address can be changed 
maximum two times while RAS=VjL, Ilcc4, Address can be changed maximum once while UCAS and 
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CAPACITANCE (th=25°¢) 


eee en es 


Input Capacitance (Ao-Ag) Cint 
| Input Capacitance (RAS, LCAS, UCAS, W, OE) Cina = 
Output Capacitance (DQ1-DQ16) Cpa — 7 pF 











AC CHARACTERISTICS (0°c<ta<70°C, Voc=5.0V+10%, See notes 1,2) 







KM416C256-8 | KM416C256-10 









Notes 





Parameter Symbol 








Min| Max |Min| Max 













Random read or write cycle time 





205 lo45 ns 





















































































































































































Read-modify-write cycle time tawc |185 
|Access time from RAS trac 3,4,11 
Access time from CAS tcac 3,4,5 
Access time from column address tan 3,11 
CAS to output in Low-Z 3 
Output buffer turn-off delay —_ 7 
Transition time (rise and fall) | 
RAS precharge time __ ne 70 ns 
RAS pulse width Bo seida0 100110,000| ns 
[RAS hold time 20 25 
pa hold time i eo me 

pulse width tcas 20!10,000; 20'10,000) 25 10,000) ns | 
RAS to CAS delay time treo | 20] 50] 20] 60| 25, 75] ns | 4 
RAS to column address delay time trap 15 35} 15 40| 20 al ns 11 
CAS to RAS precharge time tore 5 5|_ 10 [ns | 
Row address set-up time tasr (0) @) 0 ns 
Row address hold time tRAH 10 | 101 15 ns | 
Column address set-up time tasc 0 0 O ns 
Column address hold time toan | 15 15] 20 ns 
Column address hold time referenced to RAS | tar 55 60 75 1 ns 6 
Column Address to RAS lead time tRAL 35 40 50 ns 
Read command set-up time | trcs | O| | O| | O| [ns | 
Read command hold time referenced to CAS tRCH 0 0 0} | ns | 9 
Read command hold time referenced to RAS tRRH ‘ | 0 0 | ns 9 
Write command hold time twcH 15 15 20 ns 
Write command hold time referenced to RAS twor 55 60 75 ns 6 
Write command pulse width twp 10 10 20 ns 
Write command to RAS lead time tRwi 20 20 25| | ns 
Write command to CAS lead time tow. | 20 | 20 25 ns 
Data-in set-up time tos | 0 0 | O ns 10 
Data-in hold time ton ‘el 15 | 20 ls | 10 
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AC CHARACTERISTICS (0°c<ta<70°C, Vec=5.0V+10%, See notes 1,2) 










































































































KM416C256-7 | KM416C256-8 |KM416C256-10 
Parameter Symbol 
data-in hold time referenced to RAS | toHR 5 7 60} 75 | ns 6 
Refresh period (512 cycles) eee tREF 8 8 | 8| ms - 
Write command set-up time = | twes | : | 0) i 0 ns 8 | 
CAS to W delay time | tow 50 50 60 | ns 8 
RAS to W delay time | trwo 100 110 135] ns 8 
Column address to W delay time tawo 6 | 70 oo ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsR 10 10 10 | ns | 
CAS hold time (CAS-before-RAS refresh) tcHR 20 25 30 ns 
RAS precharge to CAS hold time trec 10 10| 10 ns 
CAS precharge time (C-B-R counter test cycle)| tcpr 35 | 40 50 ns 
Access time from CAS precharge tcpa 40 45 50; ns 3 
Fast page mode cycle time tec 
Fast Page mode read-modify-write cycle time tprwc |100 
RAS pulse width (Fast page mode) tRasp 
RAS hold time from CAS precharge truce | 40 
CAS precharge time (Fast page mode) tcp 
RAS hold time referenced to OE 
_|OE access time _ 
OE to data delay 
Output buffer turn off delay time from OE 
OE command hold time 


























KM416C256 Truth Table 












































































RAS LCAS UCAS Ww OE 
H H H | H H Hi-Z “HiZ | Standby 
ie eee ee 4 H | HieZ Hi-Z Refresh 
L | t | oH H L pa-ouT | Hi-Z | Lower Byte Read 
Loe H pete H i L | He DQ-OUT | Upper Byte Read | 
L L L H L DQ-OUT | DQ-OUT Word Ready 
L L H ; bss Tow i DQ-In Zt _Don't Care Lower Byte. Write 
L H L ut | oH Don’t Care DQ-IN Upper Byte Write 
L L et | t | H | vain | vain | Word Write 
L L Le H H Hi-Z Hi-Z = 
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NOTES 
1, 


2. 


NO 


11. 


12. 
13. 
. tcwo is referenced to the later CAS falling edge at word read-modify-write cycle. 
15. 


An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh 
cycles before proper device operation is achieved. 

Vir(min) and Vitimax) are reference levels for measuring timing of input signals. Transition times are measured 
between Viq(min) and Vit(max) and are assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads and 100pF. 
. Operation within the tacpmmax limit insures that tracimax) can be met..trcp(max) is specified as a reference point 


only. If taco is greater than the specified tacpimax) limit, then access time is controlled exclusively by tcac. 


. Assumes that tacp2trcpimax). 
. tar, twor, tpHR are referenced to trapimax)- 


toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced 
to Vou or Vot. 


. twos, trwo, tcwo and tawp are non restrictive operating aprameters. They are included in the data sheet as elec- 


trical characteristics only. If twcs2twcsimin) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tewo2tcwopimin), tawo2trwormin), tawo2tawpimin) then the cycle is a 
read-write cycle and the data output will contain the data read from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out is indeterminate. 

Either tacH or taRH must be satisfied for a read cycle. 

These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 
read-write cycles. 

Operation within the trap(max) limit insures that tracimax) can be met. trapimax) is specified as a reference point 
only. If trap is greater than the specified tRapmax) limit, then access time is controlled by taa. 

tasc, tcaH are referenced to the earlier CAS falling edge. 

tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 


tcwt is specified from W falling edge to the earlier CAS rising edge. 


LCAS 


aes 
ADD. OR OOSOA Rar ROSE RRR 


Sl 








tew.——} 


16. tcsr is referenced to earlier CAS falling low before RAS transition low. 
17. tcur is referenced to the later CAS rising high after RAS transition low. 
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18. tps, toy is independetly specified for lower byte Dini1~a), upper byte Dinig~16) 


tos 
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TIMING DIAGRAMS (continued) 
LOWER BYTE READ CYCLE 
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tras tre 
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TIMING DIAGRAMS (Continued) 
WORD WRITE CYCLE (EARLY WRITE) 
——- 
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TIMING DIAGRAMS (Continued) 
UPPER BYTE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
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TIMING DIAGRAMS (continued) 
WORD READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (continued) 


READ-MODIFY-UPPER-BYTE-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE ROWER BYTE READ CYCLE 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 


RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don’t Care 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (continued) 
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DEVICE OPERATION 


Device Operation 

The KM416C256 contains 4,194,304 memory locations 
arranged in 16 groups of 262,144X1 bit each. Eigh- 
teen address bits are required to address a particular 
memory location. Since the KM416C256 has only 9 ad- 
dress input pins, time multiplexed addressing is used to 
input 9 row and 9 column addresses. The multiplexing 
is controlled by the timing relationship between the row 
address strobe (RAS), the column address strobe (LCAS, 
UCAS) and the valid row and column address inputs. 





Operation of the KM416C256 begins by strobing in a 
valid row address with RAS while LCAS (UCAS) remains 
high. Then the address on the 9 address input. pins is 
changed from a row address to a column address and 
is strobed in by LCAS (UCAS). This is the beginning of 
any KM416C256 cycle in which a memory location is 
accessed. The specific type of cycle is determined by 
the state of the write enable pin and various timing rela- 
tionships. The cycle is terminated when both RAS and 
LCAS (UCAS) have returned to the high state. Another 
cycle can be initiated after RAS remains high long enough 
to satisfy the RAS precharge time (tre) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tap, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM416C256 begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 

Aread cycle is achieved by maintaining the write enable 
input(W) high during a RAS/xCAS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. Additionally the access time also depends on the 
falling edge of CAS and on the valid column address tran- 
sition. If xCAS transitions to a low before trcp(max) then 
the access time to valid data is specified by trac(min). 
However, if xCAS transitions low after tacp(max) or if the 
column address becomes valid after trap(max), access 
is specified by tcac or taa. In order to achieve the 
minimum access time, trac(min), it is necessary to meet 
both tacp(max) and trap(max). 


Write 
The KM416C256 can perform early write, late write and 























read-modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between W, OE, CCAS and UCAS. 
In any type of write cycle, Data-in must be valid at or 
before the falling edge of W or xCAS, whichever is later. 











Early Write: An early write cycle is performed by bring- 
ing W low before xCAS. The 16 Bit wide data at the data 
/O pins is written into the addressed memory cells. 
Throughout the early write cycle the output remains in 
the Hi-Z state. In the early write cycle the output buffers 
remain in the Hi-Z state regardless of the state of the OE 
input. 


Read-Modify-Write: \n this cycle, valid data from the ad- 
dressed cells appears at the output before and during 
the time that data is being written into the same cells. 
This cycle is achieved by bringin W low after CAS and 
meeting the data sheet read-modify-write timing re- 
quirements. The OE input must be low during the time 
defined by toga for data to appear at the outputs. If tcwp 
and trwp are not met output may contain invalid-.data. 
Conforming to the OE timing requirements prevents bus 
contention on the KM416C256 DQ pins. 


Data Output 

The KM416C256 has a three-state output buffers which 
are controlled by CAS and OE. Whenever either CAS or 
OE is high (Vix), the outputs are in the high impedance 
(Hi-Z) state. In any cycle in which valid data appears at 
the outputs, the outputs enter into the low impedance 
state in the time specified by tc.z after the falling edge 
of CAS. Invalid data may be present at the output during 
the time after tc_z and before the valid data appears at 
the output. The timing parameters tcac, trac and taa 
specify when the valid data will be present at the output. 
This is true even if a new RAS cycle occurs (as in hid- 
den refresh). Each of the KM416C256 operating cycles 
is listed below after the corresponding output state pro- 
duced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-Before-RAS Refresh, OE con- 
trolled write, CAS-only cycle. 


Indeterminate Output State: Delayed Write (tcwo or 
trwp times are not met) 


Refresh 

The data in the KM416C256 is stored as a charge on 
microscopic capacitor within each memory cell. The 
stored charge tends to dissipate over time and will af- 
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DEVIC E OPERATION (Continued) 


fect data integrity if the charge is not periodically refresh- 
ed. Refresh of the individual storage cells is accomplished 
by accessing all rows within the refresh period (trer) of 
within 8ms. There are several ways to accomplish this: 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each of the 512 row address 
(AQ-A8). 


CAS-before-RAS Refresh: The KM416C256 has CAS- 
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If either LCAS or 
UCAS input is held low for the specified set up time 
(tcsr) before RAS transitions low, the onchip refresh cir- 
cuitry is enabled. An internal refresh operation 
automatically occurs. The refresh address is supplied by 
the on-chip refresh address counter which is then inter- 
nally incremented in preparation for the next CAS-before- 
RAS refresh cycle. , 





Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending either LCAS or UCAS input active time and 
cycling RAS. The hidden refresh cycle is actually a CAS- 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 








Other Refresh Methods: |tis also possible to refresh the 
KM416C256 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in the 
row are automatically refreshed. There are certain ap- 


plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


Fast Page Mode 

The KM416C256 has Fast page mode capability pro- 
vides high speed read, write or read-modify-write access 
to all memory locations within a selected row. These 
cycles may be mixed in any order. A fast page mode cy- 
cle begins with a normal cycle. Then, while RAS is held 
low to maintain the row address, CAS is cycled to strobe 
in additional column addresses. This eliminates the time 
required to set up and strobe sequential row addresses 
for the same page. 


_CAS-before-RAS Refresh Counter test 


cycle 

A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of veri- 
fying the functionality of the CAS-before-RAS refresh ac- 
tivated circuitry. The cycle begins as a CAS-before-RAS 
refresh operation. Then, if CAS is asserted high and then 
low again while RAS is asserted low, the read and write 
operations are enabled. In this method, the row address 
bits AO through A8 are supplied by on chip refresh 
counter. 


Power-Up 

if RAS=Vgg during power-up, the KM416C256 could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. It is recommended that RAS and CAS track 
with Vcc during power-up or be held a valid Viy in order 
to minimize power-up current. 
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PACKAGE DIMENSION 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.025 (0.64) 
MIN 
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256KX18 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


e Performance range: 


KM418C256- 7 


GENERAL DESCRIPTION 


The Samsung KM418C256 is a CMOS high speed 
262,144 bit X 18 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as personal computer, graphics and performance 





KM418C256- 8 


portable computers. 





KM418C256-10 





Fast Page Mode operation 

2 CAS Byte/Word Read/Write operation 
CAS-before-RAS refresh capability 
RAS-only and Hidden Refresh capability 


Early Write or output enable controlled write 
Triple +5V+10% power supply 

512 cycles/8ms refresh 

JEDEC Standard pinout 

Available in Plastic SOJ 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 































Memory Array 
262,144X18 
Cells 








Column Decoder 







Sense Amps & IO 
eee 


The KM418C256 features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. CAS-before-RAS refresh capabili- 
ty provides on-chip auto refresh as an alternative to RAS- 
only refresh. All inputs and outputs are fully TTL com- 
patible. 


TTL and CMOS compatible inputs and outputs 


The KM418C256 is fabricated using Samsung’s advanc- 
ed CMOS process. 


PIN CONFIGURATION (top views) 


¢ KM418C256J 















Lower 
Data in 
Buffer 


Lower 
Data out 
Buffer 


DQi0 
to 
DQig 







Upper 
Data out 
Buffer 










































Pin Name Pin Function Pin Name Pin Function 
Address Inputs LCAS Lower Column 
Ole Data In/Out = Address Strobe 
Nes — Gisund WwW Read/Write Input 
RAS Row: Address Strobe ‘|| OE Data Output Enable 
UCAS Upper Column Voc Power (+5V) 
Address Strobe N.C. No Connection 
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ABSOLUTE MAXIMUM RATINGS* 
Parameter Symbol Rating Units 
Voltage on Any Pin Relative to Vss Vin, Vout —1 to +7.0 V 
Voltage on Vcc Supply Relative to Vss Voc —-1 to +7.0 V 
Storage Temperature | Tstg —55 to +150 °C 
Power Dissipation Pp 700 mw | 
Short Circuit Output Current los 50 mA 

















* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=O to 70°C) 






Parameter 






Supply Voltage 



















































































Ground Vss 0 | V 
Input High Voltage Vin 2.4 = Vect1 | Vv 
Input Low Voltage Vit -1.0 —_— 0.8 Vv 
DC AND OPERATING CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 
Parameter Symbol Min Max Unit 
Operating Current* KM418C256- 7 —_— 150 mA 
(RAS, UCAS or CCAS, KM418C256- 8 loct — 130 mA 
Address Cycling @ tac=min) | KM418C256-10 I — 110 mA | 
Standby Current 
(RAS =UCAS=LCAS=Vin) ee CI eee 
— KM418C256- 7 — 150 mA 
RAS-Only Refresh Current* 
RL a es KM418C256- 8 locs — 130 mA 
(UCAS=LCAS=Vin, RAS Cycling @ tac=min) | KM418C256-10 | ae 410 | mA 
| Fast Page Mode Current* KM418C256- 7 — 90 mA 
' (RAS=Vi_, UCAS or LCAS, KM418C256- 8 loca — 80 mA 
Address Cycling @ tpc=min.) KM418C256-10 | ae | 70 | mA 
Standby Current (RAS=UCAS=LCAS? Voc-0.2V) —_ ; locs_ — | 1 | mA 
CAS-Before-RAS Refresh Current* KMETBCE5S° t -_ 150 ue 
(RAS, UCAS or LCAS Cycling @ trc=min) BMP G28 8): ieee ee ee ea 
aaa ius | Km418c256-10 | | = | 110 | mA 
_ Standby Currnet (RAS=Vin, UCAS or LCAS=Vi_ Dout=Enable) loc7 — 5 mA 
Input Leakage Current (Any input O<Vin<6.5V, | 10 10 A 
all other pins not under test=O volts.) _ -_ aan nae as mld =,28 tte all's | 
Output Leakage Current (Data out is disabled, OV<VouT<5.5V) lo -10 10 yA 
u : ds eta 0U Sadie ro SOUTS2 BE ge nae Nal 1 
Output High Voltage Level (loH=—5SMA) 1. YOu, Ss ee a ed 
Output Low Voltage Level (loL=4.2mA) VoL — 0.4 V 




















*NOTE: Icc1, Iccs, Icca, lcce are dependent on output loading and cycle rates. Specified value are obtained 
with the output open. Icc is spedified as average current. Icc1, Icc3, Icce, Address can be changed 
maximum two times while RAS=ViL. Icca address can be changed maximum once while UCAS and 


LCAS =Vin. 











gu 
& SAMSUNG 285 
Electronics 





PRELIMINARY 
KM418C256 CMOS DRAM 





CAPACITANCE (t,=25°c) 


ee 


_Input Capacitance (Ao-As) Cint 


! Input Capacitance (RAS, LCAS, UCAS, W, OE) Cin2 pF 
Output Capacitance (DQ1-DQ}s8) Cpa a 7 pF 

















AC CHARACTERISTICS (0°c<ta<70°C, Vec=5.0V+10%, See notes 1,2) 












zal KM418C256-8 | KM418C256-10 


Units| Notes 





Parameter 










Min} Max |Min| Max 





Random read or write cycle time 





205 245 ns 
trac 70 80 100] ns |3,4,14 
tcac 20 20 25| ns | 3,4,5 
taa 35 40 45} ns | 3,11 


Read-modify-write cycle time 





Access time from RAS 





Access time from CAS 








L 











| 


Be) 





RAS pulse width 

RAS hold time 

|CAS hold time 

CAS pulse width 

RAS to CAS delay time 

RAS to column address delay time 
IGAS to RAS precharge time 

Row address set-up time 

Row address hold time 


Column address set-up time 





is) 


CAS to output in Low-Z 
20 25 ns 


Output buffer turn-off delay torr 15] O 15 0 20| ns 7 
Transition time (rise and fall) tr 50} 3 | 50) 3 50] ns 2 
AS precharge time trp 60 70 ns 
+ 


pe) 





Access time from column address 
rl \_ 
70)10 1000) 80)10,000)100/10,000)] ns 
r 
80 100 ns 
sone 20!10,000} 25'10,000) ns 








50; 20 60} 25 75} ns 4 


T 


20 
20 
15 35} 15 40| 20 50) ns 11 
5 
6) 
10 








5} | 10 | ns | 
of 0 ns 


10 15 ns 


4 _ 














tasc O 0} ot [ns 
toaH 15| 15 20 

Column address hold time referenced to RAS | tar 55 60 75 ns 6 
Column Address to RAS lead time ac 35 40| 50| ns 


Read command set-up time ees 6) 0 0 ns 
ls ; 


Column address hold time 




















4 














Read command hold time referenced to CAS 
|Read command hold time referenced to RAS 
Write command hold time 

Write command hold time referenced to RAS 

















Write command pulse width 





Write command to RAS lead time 



































Write command to CAS lead time tow 20 20] [ 25| ns 
Data-in set-up time tos 0 0 0) ns | 10 
Data-in hold time toH ‘I 15 20 ns 10 
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AC CHARACTERISTICS (o°c<ta<70°C, Voc=5.0V+10%, See notes 1,2) 




















































































































KM418C256-7 KM418C256-8 | KM418C 256-10 

Parameter : 
data-in hold time referenced to RAS. | toHR =| 55 | 60] ; 75 ns | 6 | 
Refresh period (512 cycles) _ tREF NE eg _8 7 8/ ms 
Write command set-up time | twcs Of : Oo; i 0} ns 8 | 
‘CAS to W delay time . | tewo | 5C 60 ns 8 
RAS to W delay time | tawo |100 135 [ns | 8 
Column address to Ww delay time ; | tawo 85 ns 8 
CAS set-up time (CAS-before- RAS refresh) _tcsr | 10 ns | 
‘CAS hold time (CAS-before-RAS refresh) | tcHR _30 ns j 
RAS precharge to CAS hold time | trec_ 10 ns 
CAS precharge time (C- B-R counter test cycle)| topr 50 ns 
Access time from CAS precharge | | tcpa 50; ns 3 
Fast page mode cycle time tec 55 7 i ns 
Fast Page mode read- -modify- -write cycle time tpRwc 120 ns | 
RAS pulse width (Fast page mode) trase_| 70| 100K / 100| 100K] ns 
|RAS hold time from CAS precharge _ tance | 40) | 50] | ns | 
|CAS precharge time (Fast page mode) _[tep —| 10) © [10 ns | 
|RAS hold time referenced to OE [| tron | 20] | | 20 ns a 
OE accesstime = toe | 20| | 26] ns | 
OE to data delay _ 7 | toep 25) ns 
|Output buffer turn off delay time from OE. | toez _ ee. ol 25] ns | 
OE command hold time toEH 7 














KM418C256 Truth Table 
































| RAS LCAS UCAS WwW OE DQing DQi0~18 State 
HH ne eee H | Hi-Z Hi-Z Standby _ 
A H | H | H H | Hi-Z | HZ Refresh : 
L oa ee 4 L | DQOUT | Hiz | Lower Byte Read 
L H L H Te ; Hi-Z DQ-OUT Upper Byte Read 
at Gls, te H | oL DQ-OUT DQ-OUT Word Read 
ee fee : H L H DQ-In Don't Care Lower Byte Write | 
er a ea a: H Don't Care | DQ-IN Upper Byte Write 
L ee ee ee -H | DQIN DQ-IN | Word Write 
L ie Lo} oH H Hi-Z Hi-Z ee 
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NOTES 

1. An initial pause of 200ys is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh 
cycles before proper device operation is achieved. 

2. Vinimin) and Vitimax) are reference levels for measuring timing of input signals. Transition times are measured . 
between ViH(min) and Vit(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 100pF. 

4. Operation within the tacomax) limit insures that trac(max) can be met. trcp(max) is specified as a reference point 
only. If tacp is greater than the specified trcpimax) limit, then access time is controlled exclusively by tcac. 
Assumes that trcp2trcpimax). 
tar, twor, toHR are referenced to tRapimax). ; & 
toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced 
to Vou or VoL. 

8. twcs, trwo, tcwp and tawp are non restrictive operating aprameters. They are included in the data sheet as elec- 
trical characteristics only. If twcs2twcsimin) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tewo2tcwoimin), tawo2tawoimin), tawo2tawoimin) then the cycle is a 
read-write cycle and the data output will contain the data read from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tacH or trRH Must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 
read-write cycles. 

11. Operation within the trap(max) limit insures that trac(max) can be met. trap(max) is specified as a reference point 
only. If trap is greater than the specified tRapimax) limit, then access time is controlled by taa. 

12. tasc, tcay are referenced to the earlier CAS falling edge. 

13. tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 

14. tcwo is referenced to the later CAS falling edge at word read-modify-write cycle. 

15. tcwt is specified from W falling edge to the earlier CAS rising edge. 


NO 


LCAS 


[eae 
ADD. ORE Aree ROR RK OOO 


=| 








tew. +} 


16. tcsr is referenced to earlier CAS falling low before RAS transition low. 
17. tcur is referenced to the later CAS rising high after RAS transition low. 


RAS 


UCAS A 
tour 
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18. tps, tpH is independetly specified for lower byte Din(1~9), upper byte Din(10~18). 
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TIMING DIAGRAMS 
WORD READ CYCCLE 
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TIMING DIAGRAMS (Continued) 
LOWER BYTE READ CYCLE 
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TIMING DIAGRAMS (Continued) 
WORD WRITE CYCLE (ene WRITE) 
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TIMING DIAGRAMS (Continued) 
UPPER BYTE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (continued) ; 
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
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TIMING DIAGRAMS (continued) 
WORD READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (continued) 
READ-MODIFY-UPPER-BYTE-WRITE CYCLE 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE LOWER BYTE READ CYCLE 
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TIMING DIAGRAMS (continueg) 
FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 
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HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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Device Operation 

The KM418C256 contains 4,718,592 memory locations 
arranged in 18 groups of 262,144X1 bit each. Eigh- 
teen address bits are required to address a particular 
memory location. Since the KM418C256 has only 9 ad- 
dress input pins, time multiplexed addressing is used to 
input 9 row and 9 column addresses. The multiplexing 
is controlled by the timing relationship between the row 
address strobe (RAS), the column address strobe (LCAS, 
UCAS) and the valid row and column address inputs. 





Operation of the KM418C256 begins by strobing in a 
valid row address with RAS while LCAS (UCAS) remains 
high. Then the address on the 9 address input pins is 
changed from a row address to a column address and 
is strobed in by LCAS (UCAS). This is the beginning of 
any KM418C256 cycle in which a memory location is 
accessed. The specific type of cycle is determined by 
the state of the write enable pin and various timing rela- 
tionships. The cycle is terminated when both RAS and 
LCAS (UCAS) have returned to the high state. Another 
cycle can be initiated after RAS remains high long enough 
to satisfy the RAS precharge time (trp) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tap, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM418C256 begin a complex sequence of events. ff 
the sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 

Aread cycle is achieved by maintaining the write enable 
input(W) high during a RAS/xCAS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. Additionally the access time also depends on the 
falling edge of CAS and on the valid column address tran- 
sition. If xCAS transitions to a low before tacp(max) then 
the access time to valid data is specified by trac(min). 
However, if xCAS transitions low after tacp(max) or if the 
column address becomes valid after trap(max), access 
is specified by tcac or taa. In order to achieve the 
minimum access time, trac(min), it is necessary to meet 
both trcp(max) and trap(max). 


Write 
The KM418C256 can perform early write, late write and 




















read-modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between W, OE, LCAS and UCAS. 
In any type of write cycle, Data-in must be valid at or 
before the falling edge of W or xCAS, whichever is later. 





Early Write: An early write cycle is performed by bring- 
ing W low before XCAS. The 18 Bit wide data at 
the data I/O pins is written into the addressed memory 
cells. Throughout the early write cycle the output remains 
in the Hi-Z state. In the early write cycle the output buf- 
fers remain in the Hi-Z state regardless of the state of 
the OE input. 


Read-Modify-Write: In this cycle, valid data from the ad- 
dressed cells appears at the output before and during 
the time that data is being written into the same cells. 
This cycle is achieved by bringin W low after CAS and 
meeting the data sheet read-modify-write timing re- 
quirements. The OE input must be low during the time 
defined by toca for data to appear at the outputs. If tcwo 
and trwp are not met output may contain invalid data. 
Conforming to the OE timing requirements prevents bus 
contention on the KM418C256 DQ pins. 


Data Output 

The KM418C256 has a three-state output buffers which 
are controlled by CAS and OE. Whenever either CAS or 
OE is high (Vin), the outputs are in the high impedance 
(Hi-Z) state. In any cycle in which valid data appears at 
the outputs, the outputs enter into the low impedance 
state in the time specified by tciz after the falling edge 
of CAS. Invalid data may be present at the output during 
the time after tc_z and before the valid data appears at 
the output. The timing parameters tcac, trac and taa 
specify when the valid data will be present at the output. 
This is true even if a new RAS cycle occurs (as in hid- 
den refresh). Each of the KM418C256 operating cycles 
is listed below after the corresponding output state pro- 
duced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-Before-RAS Refresh, OE con- 
trolled write. 


Indeterminate Output State: Delayed Write (tcwp or 
trwo times are not met) 


Refresh 

The data in the KM418C256 is stored as a charge on 
microscopic capacitor within each memory ceil. The 
stored charge tends to dissipate over time and will af- 
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DEVICE OPERATION (Continued) 


fect data integrity if the charge is not periodically refresh- 
ed. Refresh of the individual storage cells is accomplished 
by accessing all rows within the refresh period (treF) of 
within 8ms. There are several ways to accomplish this: 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a.row 
address with RAS while CAS remains high. This cycle 
must be repeated for each of the 512 row address 
(AO-A8). 


CAS-before-RAS Refresh: The KM418C256 has CAS- 
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If either LCAS or 
UCAS input is heid low for the specified set up time 
(tcsr) before RAS transitions low, the onchip refresh cir- 
cuitry is enabled. An internal refresh operation 
automatically occurs. The refresh address is supplied by 
the on-chip refresh address counter which is then inter- 
nally incremented in preparation for the next CAS-before- 
RAS refresh cycle. 








Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending either LCAS or UCAS input active time and 
cycling RAS. The hidden refresh cycle is actually a CAS- 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 





Other Refresh Methods: It is also possible to refresh the 
KM418C256 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in the 
row are automatically refreshed. There are certain ap- 


plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


Fast Page Mode 

The KM418C256 has Fast page mode capability pro- 
vides high speed read, write or read-modify-write access 
to all memory locations within a selected row. These 
cycles may be mixed in any order. A fast page mode cy- 
cle begins with a normal cycle. Then, while RAS is held 
low to maintain the row address, CAS is cycled to strobe 
in additional column addresses. This eliminates the time 
required to set up and strobe sequential row addresses 
for the same page. , 


CAS-before-RAS Refresh Counter test 


cycle 

A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of veri- 
fying the functionality of the CAS-before-RAS refresh ac- 
tivated circuitry. The cycle begins as a CAS-before-RAS 
refresh operation. Then, if CAS is asserted high and then 
low again while RAS is asserted low, the read and write 
operations are enabled. In this method, the row address 
bits AO through A8 are supplied by on chip refresh 
counter. 


Power-Up 

If RAS=Vsg during power-up, the KM418C256 could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. it is recommended that RAS and CAS track 
with Vcc during power-up or be held a valid Vin in order 
to minimize power-up current. 
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PACKAGE DIMENSION 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


1.020(25.91) 0.025 (0.64) 
1.030(25.16) | MIN 
TIC a a a a rt a a a a c  - 





| 

















0.395(10.03) 
0.405(10.29) 
0.435(11.05) 
0.445(11.30) 
0.008(0.20) 
0.012(0.30) 
0.365(9.27) 
-0.375(9.53) 
S 


c—J 








0.130(3.30) 
0.140(3.56) 


LILILICILICICICILICILCICICILCICIJLI CY 
| 0.026(0.66) 
0.030(0.76) 





GLUT UU VD 
aL ae iia | sosocan aed 
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512KX8 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


e Performance range: 










KM48C512- 7 
KM48C512- 8 
KM48C512-10 











Fast Page Mode operation 

Byte Read/Write operation 

CAS-before-RAS refresh capability 

RAS-only and Hidden Refresh capability 

TTL compatible inputs and outputs 

Early Write or output enable controlled write 
Dual +5V+10% power supply 

1024 cycles/16ms refresh 

JEDEC Standard pinout 

Available in Plastic SOJ 


FUNCTIONAL BLOCK DIAGRAM 







| 


D 
> 
ep) 


Contro! & 
Clocks 


ie) 
s| >| 


Vee 
Vss 


Refresh Counter _ 
Row Address Buffer 


Col. Address Buffer 














Memory Array 
524,288X8 
Cells 





Ao 





Sense Amps & !O 
eeeeee | 


Ao 


Column Decoder 






GENERAL DESCRIPTION 


The Samsung KM48C512 is a CMOS high speed 
524,288 bit X 8 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as personal computer, graphics and high perfor- 
mance portable computers. 


The KM48C512 features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. CAS-before-RAS refresh capabili- 
ty provides on-chip auto refresh as an alternative to RAS- 
only refresh. All inputs and outputs are fully TTL com- 
patible. 


The KM48C512 is fabricated using Samsung’s advanc- 
ed CMOS process. 


PIN CONFIGURATION (top views) 


° KM48C512J 







Data in 
Buffer 








DQ, 
to 
DQs 
Data out e 
Buffer SE Pin Name Pin Function 








Ao-Ag Address Inputs 
DQ1-8 Data In/Out 
Vss Ground 





AS | Row Address Strobe 


























CAS Column Address Strobe 
W Read/Write Input 

OE Data Output Enable 
Voc Power (+5V) 

N.C. No Connection 
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ABSOLUTE MAXIMUM RATINGS* 







Parameter 










—-1 to +7.0 | 
—1 to +7.0 V 


Voltage on Any Pin Relative to Vss Vin, Vout 











Voltage on Vcc Supply Relative to Vss Voc 

Storage Temperature Tstg —55 to +150 °C 
a 

Power Dissipation Pp _ 700 mw 























Short Circuit Output Current los 50 





* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=O to 70°C) 







Parameter 






Supply Voltage 












Ground 0) O V 
V 


Input High Voltage Vi 2.4 oe Vect+1 | 
Input Low Voltage VIL —1.0 _ 0.8 V 
DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


























Parameter 


Operating Current* 






KM48C512- 7 


Symbol 


Min 








Unit 







mA 


















































a ARG ; ; KM48C512- 8 90 mA 
(RAS and CAS Cycling @ tac=min) KM48C512-10 | : 75 aa 
Standby Current 
(RAS=CAS=Vin) ees el See 
= 
RAS-Only Refresh Current* dee . : Ioc3 ee wh 
(CAS=Vin, RAS Cycling @ tac=min) | KM48C512-10 75 A 
{ 

Fast Page Mode Current* ances: : loca e A 
(RAS=Vj_, CAS, Address Cycling @ tpc=min.) KM48C512-10 65 me 

- _-L { 
Standby Current 
(RAS=CAS=Vcc-0.2V) lecs 1 mA 
CAS-Before-RAS Refresh Current* ae: : Icce ee sa 
(RAS and CAS Cycling @ trc=min) KM48C512-10 75 ‘ik 
Standby Current | 
(RAS=Vin, CAS=Vi_ Dout=Enable) lcc7 SF A ne 
Input Leakage Current (Any input O<Vjn<6.5V, ~10 10 A 
all other pins not under test=O volts.) = % 

| 

Output Leakage Current ” 
(Data out is disabled, OV<Vour<5.5V) lo. Or Se lit see 
Output High Voltage Level (loy=—5mA) | Vou 2.4 _— V 
Output Low Voltage Level (loL=4.2mA) VoL _— 0.4 V 





*NOTE: Icct, Icc3, Icca, Icce are dependent on output loading and cycle rates. Specified value are obtained 
with the output open. Icc is spedified as average current. lcci, Icc3, Icce, Address can be changed 
maximum two times while RAS=ViL, Ilcca, Address can be changed maximum once while CAS=Vin. 
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CAPACITANCE (t,a=25°c) 


ee 


Input Capacitance (Ao-Ag) 











Input Capacitance (RAS, CAS, W, OE) 


Cin2 





= 





Output Capacitance (DQ1-DQs) 


Coa 


AC CHARACTERISTICS (0°c<ta<70°C, Vec=5.0V+10%, See notes 1,2) 
















pF 

























































































































































Data-in hold time 





{pH 





15 

















KM48C512-7 | KM48C512-8 | KM48C512-10 

Parameter U 
Random read or write cycle time 
|Read-modify-write cycle time | trawc |185 Ei ns i 
Access time from RAS trac 70 ii 80 | 100] ns |3,4,11 
Access time from CAS tcac 20 4 20 . 25 | ns 3,4,5 
JBecess time from column address taa : 25| me] 29 ns | 3,11 
CAS to output in Low-Z to.z 5 | 5 [5 [ns | 3 
Output buffer turn-off delay toFF (@] 15) O 15) O 201 1 ns 7 
Transition time (rise and fall) if tr 3 50| 3 50; 3 50] ns f 2 | 
RAS precharge time trp 50 60 70 ns _| 
RAS pulse width tRAS 70}10, 000/ 60 10, 000). 100 10,0001 ns_| 
RAS hold time tRSH 20 ie 20 mi 25 ns 
|CAS hold time tcsH 70 80 [rool ns | 
CAS pulse width tcas 20)10 ,000| 2011 0,000| aes 
RAS to CAS delay time trcp 20 0 | 20} 60 25] 75| ns ia 4 
RAS to column address delay time tRaD 15 35| 15 40| 20 50| ns 11 
CAS to RAS precharge time tcrP 5 | a 10] | ns | 
Row address set-up time tasr 0 @) al, 0) ns 
Row address hold time tran | 10 ‘ol | isl ns_| 
Column address set-up time tasc (0) 0 0 de 
Column address hold time ton 15 i] 29h I ns 
Column address hold time referenced to RAS 55 60 75 ns T 6 
Column Address to RAS lead time = 40 50 ns | 
Read command set-up time A SR FC MO 
Read command hold time referenced to CAS | trcH o_o 0 ns 9 
Read command hold time referenced to RAS tRRH 0 Ole mn ns 9 
Write command hold time — twoH 15 15 20] ns | 
Write command hold time referenced to RAS twcr 55 60 75 >| ns 6 ] 
Write command pulse width twp 10 101 20 ns | 
[Write command to RAS lead time trwi 20 20 7 | 25| a ns | 
{Write command to CAS lead time tow. 20 cad | ns 
Data-in set-up time tos oF 
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AC CHARACTERISTICS (occgta<70°C, Vec=5.0V+10%, See notes 1,2) 









































































































































KM48C512-7 | KM48C512-8 | KM48C512-10 
Parameter nits; Notes 
Min} Max |Min| Max 
Data-in hold time referenced to RAS toHR 60 75 ns 6 
Refresh period (1024 cycles) tREF 16 16] ms 
Write command set-up time twos 0 6) 0 ns 8 
CAS to W delay time tcwo | 50 50 60 ns 8 
RAS to W delay time tawo [100 110| 135 [ns | 8 
Column address to W delay time tawp 65 oy 85 | ns 8 
os set-up time ) (CAS-before-RAS refresh) tcsr” 10 10] 10 { ns 
Gas hold time (GAS-before-RAS refresh) tcHR 20 25 30 | ns 
RAS precharge to CAS hold time tRec 10 10} 10 ns 
CAS precharge time (C-B-R counter test cycle)| tcpt 35 40 50 ns 
Access time from CAS precharge tcpa 40 45 50} ns 3 
Fast page mode cycle time tec 45 50 55 | ns 
Fast Page mode read-modify-write cycle time tprwc |100 Ty 05 120 i, ns 
RAS pulse width (Fast page mode) trasp 70| 100K} 80) 100K/|100; 100K] ns 
RAS hold time from CAS precharge truce | 40 45 | 50 ns 
CAS precharge time (Fast page mode) tcp 10 10 10 ns 
RAS hold time referenced to OE tROH 20 20 20 ns 
OE access time toEA 20 20 25| ns | 
OE to data delay toep | 20 20 25 ns 
Output buffer turn off delay time from OE toez 0 ¢) ns 
OE command hold time toEH 
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NOTES 


1. 


11. 


An initial pause of 20Qus is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh 
cycle before proper device operation is achieved. 

Vin(min) and Vi_(max) are reference levels for measuring timing of input signals. Transition times are measured 
between ViH(min) and Vi_(max) and are assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads and 100pF. 
. Operation within the tacp(max) limit insures that trac(max) can be met. tacp(max) is specified as a reference 


point only. If tacp is greater than the specified tacp(max) limit, then access time is controlled exclusively by tcac. 


. Assumes that tacp2trcp(max). 
. tar, twor, toHR are referenced to trap{max). 


toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to Vou 
to VoL. 


. twcs, trwo, tcwo and tawp are non restrictive operating parameters. They are included in the data sheet as elec- 


tric characteristics only. If twcs2twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tewo2tcwo(min), tawo2tRwp(min) and tawp2tawo(min), then the cy- 
cle is a read-write cycle and the data output will contain the data read from the selected address. If neither 
of the above conditions are satisfied, the condition of the data out is indeterminate. 


. Either tac or rRRH must be satisfied for a read cycle. _ 
. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 


read-write cycles. 
Operation within the trap(max) limit insures that trac(max) can be met. trap(max) is specified as a reference 
point ony. If trap is greater than the specified trap(max) limit, then access time is controlled by taa. 


TIMING DIAGRAMS 
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Vii— a 
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Vit— isa reigns eel tRAL— 
= na tascl“| tCAH 
Viq— YYY) XY 
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TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY WRITE) 























































































od tro 
— ViH— i i "| — 
RAS tar 
Vit— 
tonP | CC trop a tRSH 
cs. fe Viq— 
ane ase SH} bite AMEE tos f{_/ 
tase | tasc 1tGAH ~ 
ViH— YY KKK Kd ROW V WNVYYVVYY YY VV YY VV YA 
: vu DAR ABOMESSROK counts ARO X KARRI 
trap | on 
twces twou 
<= Vin— YXKX KKK KKKKK KRY IVAN YAAAIPRANYVYYV VV YVV VV VV VV WY) 
Vi~ ROXANE "TROON 
t— {tweor 
ars Vin— KKXKXKXKKKAKK KKK KKKKKK KKK KKK KKYYKKKAKKKKXKKKKK KK KX KVY VVVV VV VV VYVSAV/V/ 
o Vie RRR RR KK RRL 
a ; Vin— 
DQ, -DQs Vit— OPEN 


WRITE CYCLE (OE CONTROLLED WRITE) 



































tro 
— tRAS — tre 
Ses Vin— tar 
RAS vis 
= tcsH 
calc b+-— trcp tRSH 7 —— 
ci Lot NA toas 
Vin— SIVA LAP A AAASY VV VV VV SPV VV 
A Wn SOREN EBs KY DK _ SOUIMN WII Rae) 
tcwL 
, tRWL 
— Vip— VIVVVUVVJV VV SVM VV VV VV (MV VV VVV VY VVV VY YY VVY YY VVYVV 
ie 1, SORE Rh eR YK 
|toeH 
rT 
VIH— RIIVVIVIIV VU =, 0,"aVaVaala’a"a¥a¥sVava VAT AVA Va Vavaval av avaVavaV al av avavay, 
a Vi ROCKY KRY 
tDH 
Vip— LAS VV VVVV PASI VYVVVYVVVVVUVVVVVYYYVYVYVVVY 
a ee CK vauio paraan OYA ARK KKK 


KX}oons CARE 
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TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 


a VIH— 
RAS 

Vit— 
CAS Vin~ 
Vit— 
A Vin— 
Vit— 
w ViH— 
Vit— 
- Vip—- 
Vit— 
VUOH - 

DQ,-DQ, - 
Viiot — 


= tRWC: 








/- tras 





--— tar 





a8 ee c= - tcsH 
tcrP 





{~ trop — tRSH a 











tasr” | |tRAH tasc == 
nas 


= my, 
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| KINVYVIIVV VV IV 
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A/V YVVAA/VVVVYVA/V¥V ¥ 
RKO =e 
bt 
RRO alm 
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he 


FAST PAGE MODE READ CYCLE 
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RAS u 

Vit— 
—— ViH— 
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A 

Vit— 
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Vit— 
— ViH— 
OE 
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DQ,-DQzs 
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\ - tar 
ar ii tRSH 
tcp 
tcas tcas J / 
tRAL 
Pa | tCAH tase | tcaH 
nl Pan pana Hee 
YM ROW TAY COLUMN SAY XXX COLUMN "WXYXYXYUE COLUMN WYYYYYVY\X 
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ROSY VION 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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FAST PAGE MODE READ-MODIFY-WRITE 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 





ViH— 





RAS 





Vit— 


nA no aon KYRA AAA AD 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don't Care 
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DQ,-DQs ViloL _ 
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TIMING DIAGRAMS (Continued) 
| HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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DEVICE OPERATION 


Device Operation 

The KM48C512 contains 4,194,304 memory locations 
arranged in 8 groups of 524,288 1 bit each. Twentyad- 
dress bits are required to address a particular memory 
location. Since the KM48C51 2 has only 10 address in- 
put pins, time multiplexed addressing is used to input 10 
row and 9 column addresses. The multiplexing is con- 
trolled by the timing relationship between the row address 
strobe (RAS), the column address strobe (CAS) and the 
valid row and column address inputs. 


Operation of the KM48C51 2 begins by strobing in a valid 
row address with RAS while CAS remains high. Then the 
address on the 10 address input pins is changed from 
arow address to a column address and is strobed in by 
CAS. This is the beginning of any KM48C512 cycle in 
which a memory location is accessed. The specific type 
of cycle is determined by the state of the write enable 
pin and various timing relationships. The cycie is ter- 
minated when both RAS and CAS have returned to the 
high state. Another cycle can be initiated after RAS re- 
mains high long enough to satisfy the RAS precharge time 
(tre) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tap, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM48C51 2 begin a complex sequence of events. If the 
sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. Additionally the access time also depends on the 
falling edge of CAS and on the valid column address tran- 
sition. If CAS transitions to a low before tacp(max) then 
the access time to valid data is specified by trac(min). 
However, if CAS transitions low after tacp(max) or if the 
column address becomes valid after trap(max), access 
is specified by tcac or taa. In order to achieve the 
minimum access time, trac(min), it is necessary to meet 
both tracp(max) and trap(max). 


Write 
The KM48C51 2 can perform early write, late write and 


read-modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between W, OE, CAS. In any type 
of write cycle, Data-in must be valid at or before the fall- 


ing edge of W or CAS, whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The 8-bit wide data at the data 
1/O pins is written into the addressed memory cells. 
Throughout the early write cycle the output remains in 
the Hi-Z state. In the early write cycle the output buffers 
remain in the Hi-Z state regardless of the state of the OE 
input. 


Read-Modify-Write: \|n this cycle, valid data from the ad- 
dressed cells appears at the output before and during 
the time that data is being written into the same cells. 
This cycle is achieved by bringin W low after CAS and 
meeting the data sheet read-modify-write timing re- 
quirements. The OE input must be low during the time 
defined by toga for data to appear at the outputs. If tcwp 
and trwp are not met output may contain invalid data. 
Conforming to the OE timing requirements prevents bus 
contention on the KM48C512 DQ pins. 


Data Output 

The KM48C51 2 has a three-state output buffers which 
are controlled by CAS and OE. Whenever either CAS or 
OE is high (Vi), the outputs are in the high impedance 
(Hi-Z) state. In any cycle in which valid data appears at 
the outputs, the outputs enter into the low impedance 
state in the time specified by tc.z after the falling edge 
of CAS. Invalid data may be present at the output during 
the time after tcLz and before the valid data appears at 
the output. The timing parameters tcac, trac and taa 
specify when the valid data will be present at the output. 
This is true even if a new RAS cycle occurs (as in hid- 
den refresh). Each of the KM48C512 operating cycles 
is listed below after the corresponding output state pro- 
duced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-Before-RAS Refresh, OE con- 
trolled write, CAS-only cycle. 


Indeterminate Output State: Delayed Write (tcwp or 
trwp times are not met) 


Refresh 

The data in the KM48C512 is stored as a charge on 
microscopic capacitor within each memory cell. The 
stored charge tends to dissipate over time and will af- 





oH SANMISUNG 


317 





KM48C512 


PRELIMINARY 
CMOS DRAM 





DEVICE OPERATION (continued) 


fect data integrity if the charge is not periodically refresh- 
ed. Refresh of the individual storage cells is accomplished 
by accessing all rows within the refresh period (trer) of 
within 16ms. There are several ways to accomplish this: 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each of the 1024 row address 
(AO-AQ). 


CAS-before-RAS Refresh: The KM48C512 has CAS- 
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If either CAS input 
is held low for the’ specified set up time (tcsr) before 
RAS transitions low, the onchip refresh circuitry is enabl- 
ed. An internal refresh operation automatically occurs. 
The refresh address is supplied by the on-chip refresh 
address counter which is then internally incremented in 
preparation for the next CAS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending either input active time and cycling RAS. 
The hidden refresh cycle is actually a CAS-before-RAS 
refresh cycle within an extended read cycle. The refresh 
row address is provided by the on-chip refresh address 
counter. 


Other Refresh Methods: It is also possible to refresh the 
KM48C512 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in the 
row are automatically refreshed. There are certain ap- 
plications in which it might be advantageous to perform 


refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


Fast Page Mode 

The KM48C51 2 has Fast page mode capability provides 
high speed read, write or read-modify-write access to 
all memory locations within a selected row. These cycles 
may be mixed in any order. A fast page mode cycle 
begins with a normal cycle. Then, while RAS is held low 
to maintain the row address, CAS is cycled to strobe in 
additional column addresses. This eliminates the time re- 
quired to set up and strobe sequential row addresses 
for the same page. 


CAS-before-RAS Refresh Counter test 


cycle 

A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of veri- 
fying the functionality of the CAS-before-RAS refresh ac- 
tivated circuitry. The cycle begins as a CAS-before-RAS 
refresh operation. Then, if CAS is asserted high and then 
low again while RAS is asserted low, the read and write 
operations are enabled. In this method, the row address 
bits AO through AQ are supplied by on chip refresh 
counter. 


Power-Up 

lf RAS=Vss during power-up, the KM48C512 could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. It is recommended that RAS and CAS track 
with Vcc during power-up or be held a valid Vin in order 
to minimize power-up current. 
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PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.720(18.29) 
r 0.730(18.54) ‘ 
Tif iti ip it i i i i i i 


0.027(0.69) 




























0.375(9.53) 
0.445(11.30) 





0.395(10.03) 

0.405(10.29) 

0.365(9.27) 
0.435(11.05) 


—/n 





0.008(0.20) 
0.012(0.30) 














LILILJILCILILILCICILILILI 
0. 


026(0.66) 
0.032(0.81) 


= 


0.140(3.56) 
0.148(3.76) 












+ 









GQ | 0.004(0.1) 











0.016(0.41) 0.050(1.27) B 0.050(1.27) 
0.020(0.51) TYP MAX 
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512KX9 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


* Performance range: 


ee ee 


KM49C512- 7 70ns 20ns 130ns 
KM49C512- 8 
KM49C51 2-10 



















Fast Page Mode operation 

Byte Read/Write operation 

CAS-before-RAS refresh capability 

RAS-only and Hidden Refresh capability 

TTL compatible inputs and outputs 

Early Write or output enable controlled write 
Dual +5V+10% power supply 

1024 cycles/16ms refresh 

JEDEC Standard pinout 

‘Availabie in Plastic SOJ 


FUNCTIONAL BLOCK DIAGRAM 
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GENERAL DESCRIPTION 


The Samsung KM49C512 is a CMOS high speed 
524,288 bit X 9 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as personal computer, graphics and high perfor- 
mance portable computers. ; 


The KM49C512 features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. CAS-before-RAS refresh capabili- 
ty provides on-chip auto refresh as an alternative to RAS- 
only refresh. All inputs and outputs are fully TTL com- 
patible. 


The KM49C512 is fabricated using Samsung’s advanc- 
ed CMOS process. 


PIN CONFIGURATION (Top Views) 


¢ KM49C512J 


Data in 
Buffer 









DQ, 
to 
DQ g 









Data out 








Buffer 3E Pin Name Pin Function 
Ao-Ag Address Inputs 
DQ1.9 Data In/Out 





Vss | Ground 




















RAS Row Address Strobe 
CAS Column Address Strobe 
WwW Read/Write Input 

| OF | Data Output Enable 
Voc Power (+5V) 
N.C. No Connection 
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ABSOLUTE MAXIMUM RATINGS* 
Parameter Symbol Rating Units 
Voltage on Any Pin Relative to Vss | Vin, Vout —1 to +7.0 Vv 
Voltage on Vcc Supply Relative to Vss Voc —1 to +7.0 V 
Storage Temperature ___ Tstg —55 to +150 °C 
Power Dissipation __ Pp 700 mw 
Short Circuit Output Current los 50 mA 

















* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=0 to 70°C) 







Parameter 






Supply Voltage 
Ground Vss 0 


V 

Input High Voltage VIH 2.4 _ Vect+1 Vv 

Input Low Voltage VIL —-1.0 — 0.8 V 
DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


































































































Parameter Symbol Min Max Unit 
: % KM49C512- 7 Ioc1 110 mA 
(AS ana GAS Cy cling @ tac=min) RM Secs 12.8 95 | mA 
FO ETRE KM49C512-10 80 | mA 
Standby Current 
(RAS=CAS=Vin) lcc2 2 mA 
RAS-Only Refresh Current* KM49C512- 7 Ices 110 mA 
(CAS=Vin, RAS Cycling @ tac=min) pec eoter 95 | mA 
pane nae KM49C51 2-10 30 | mA 
Fast Page Mode Current* KM49C0512- 7 loca 85 mA 
(RAS=V., CAS, Address Cycling @ tec=min.) | KM49CS12- 8 75 | mA 
bene go YOM GPCe MND: KMASCBI 2210 65 | mA 
Standby Current | 1 mk 
(RAS=CAS=Vcc-0.2V) ccs 
CAS-Before-RAS Refresh Current* KM49CS12- 7 locs 110 mA 
(RAS and CAS Cycling @ tac=min) RMU abe 95 mA 
ae eceeeaeaiaaetbis |_KM49C512-10 30 | mA 
Standby Current s ai 
(RAS=Vin, CAS=Vi_ Dout=Enable) oe 
Input Leakage Current (Any input O<Vin<6.5V, = 
all other pins not under test=O volts.) he 10 10 HA 
Output Leakage Current S 
(Data out is disabled, OV<Vout<5.5V) lot 10 10 HA 
Output High Voltage Level (lon=—5mA) | VoH 2.4 —_— V 
Output Low Voltage Level (loL=4.2mA) VoL _ 0.4 V 


*NOTE: Icci, Icc3, Icca, Icce are dependent on output loading and cycle rates. Specified value are obtained 
with the output open. Icc is spedified as average current. Icc1, Icc3, Icce, Address can be changed 
maximum two times while RAS=V\L, Icca, Address can be changed maximum once while CAS=Vin. 
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CAPACITANCE (ta=25°c) 


Input Capacitance (Ao-Ag) Cint 
| Input Capacitance (RAS, CAS, W, OE) Cin2 = 
Output Capacitance (DQ1-DQg) Coa — 7 pF 











AC CHARACTERISTICS (o°c<ta<70°C, Vec=5.0V+10%, See notes 1,2) 











KM49C512-8 | KM49C512-10 













Parameter Units 





Random read or write cycle time 











































































































Read-modify-write cycle time trwc [185 205 245 ns 

Access time from RAS trac 70 80 100] ns |3,4,11 
Access time from CAS pa - tcac 20 1 20 25| ns | 3,4,5 
Access time from column address taa 35; | ~— 40 45} ns | 3,11 
CAS to output in Low-Z ee tciz 5 5 | 5 ns 3 
Output buffer turn-off delay J | ns 7 
Transition time (rise and fall) ns 2 
RAS precharge time ns 

RAS pulse width tras 

RAS hold time tRsH 

CAS hold time tcsH 80 100 ns | 
CAS pulse width tcas 20' 10,000] 20; 10,000) 25/10,000} ns | | 
[RAS io CAS delay time _ trcp 20 50| 20] 60| 25 75| ns 4 
RAS to column address delay time - trap 15} 35] 15 40; 20 50| ns a | 
CAS to RAS precharge time ee tcrp | 5 5 1) ns _ 

Row address set-up time tasR O| O 0) ns | 

Row address hold time tray | 10 10] 15] ns 

Column address set-up time ____| tase | 0) Oo} | oO ns | | 
Column address hold time tcAH 15 _ | 15 20 ns 

Column address hold time referenced to RAS | taR 55 60 | 75 ns 6 
Column Address to RAS lead time tRAL | 35 40 50 ns | 
Read command set-up time trcs il O| O 0, | ns 

Read command hold time referenced to CAS | tach | 0 | 0| [ 0 ns | 9 
Read command hold time referenced to RAS tRRH 0 0 {9 ns 9 
Write command hold time twcH 15 15 20 ns 

Write command hold time referenced to RAS twcr 55 60) 75 ns | 6 
Write command pulse width twp 10 10| _ 20 ns 

Write command to RAS lead time tawi 20 Med 25 ns 

Write command to CAS lead time tcowL 20 | 20 ale ns 

Data-in set-up time tos 0 6) @) ns j 10 


























Data-in hold time toH 
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AC CHARACTERISTICS (0°C<Ta<70°C, Voc=5.0V+10%, See notes 1,2) 

























































































































KM49C512-7 | KM49C512-8 | KM49C512-10 
Parameter [ lunits Notes 
Min| Max |Min| Max 
Data-in hold time referenced to RAS toHR 
Refresh period (1024 cycles) tREF i6| ms 
Write command set-up time = twcs ns 8 
CAS to W delay time tcwo_| 50 50) | 60 sn 8 
RAS to W delay time trwo |100 110 135 ns | 8 
Column address to W delay time tawo 65 70 85 ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsr 10 10 10 ns 
CAS hold time (CAS-before-RAS refresh) tcHrR 20 25 30 ns 
RAS precharge to CAS hold time trpc 10 10! 10] ns 
CAS precharge time (C-B-R counter test cycle)| tcpr 35 40 50 ns | 
Access time from CAS precharge topa 40 45 50/ ns 3 | 
Fast page mode cycle time ; tec 45 50| 55 ns | 
Fast Page mode read-modify-write cycle time tprwc | 100] 105 | 120 ns 
RAS pulse width (Fast page mode) trRasp 70| 100K} 80] 100K 100} 100K] ns 
RAS hold time from CAS precharge truce | 40 45 50 ns 
CAS precharge time (Fast page mode) tcp 10 10 10 i ns 
RAS hold time referenced to OE tROH 20 20 20 ns 
OE access time | toca 20 20 25| ns 
OE to data delay toep 20 20}. 25 ns 
Output buffer turn off delay time from OE toEz 0 | 
OE command hold time 
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NOTES 


1. 


NOOO 


An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh 
cycle before proper device operation is achieved. 


. Vin(min) and Vi_(max) are reference levels for measuring timing of input signals. Transition times are measured 


between Vin(min) and Vi_(max) and are assumed to be 5ns for ail inputs. 


. Measured with a load equivalent to 2 TTL loads and 100pF. 
. Operation within the trcp(max) limit insures that trac(max) can be met. trcp(max) is specified as a reference 


point only. If tacp is greater than the specified tacp(max) limit, then access time is controlled exclusively by tcac. 


. Assumes that trcp2trcp(max). 
. tar, twor, tone are referenced to trap(max). 
. toFFi(max) defines the time at which the output achieves the open circuit condition and is not referenced to Vou 


to Vot. 


. twes, trwo, tcwo and tawp are non restrictive operating parameters. They are included in the data sheet as elec- 


tric characteristics only. If twcs2twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tewo2tcwo(min), tawo2trwp(min) and tawp2tawp(min), then the cy- 
cle is a read-write cycle and the data output will contain the data read from the selected address. If neither 
of the above conditions are satisfied, the condition of the data out is indeterminate. 


. Either tac or rarH must be satisfied for a read cycle. 
. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 


read-write cycles. 


. Operation within the trap(max) limit insures that trac(max) can be met. trap(max) is specified as a reference 


point ony. If trap is greater than the specified trap(max) limit, then access time is controlled by taa. 


TIMING DIAGRAMS 
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TIMING DIAGRAMS (continueg) 
WRITE CYCLE (EARLY WRITE) 












































































































— Viq— 
RAS 
Vit— 
foes ViH— 
CAS 
Vit— 
Vin— FARRAR ANI V VU AAA 
: vin RAN moness ROOK NORIN 
aT Vipn— RIYSVYUVUVYOUY A VATA WAVAVAV.WAV.VAY VV AVAV AAV AVAYAVAWAVATAVAW AV ATAU AVAVAVAV.T 
: vi POOKY EOS 
| + tRWL == 
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toHR-+ 
tos b= toy 
ViH— 
DQ) -DQg Vis { VALID DATA-IN } rt ———— 


WRITE CYCLE (OE CONTROLLED WRITE) 
L— sie ea Agee ee eee 






































i= tRAS —+ -— tRp— 
ene Vip— tee 
RAS Vi 
te a 1CSH a 
— trRcD tRSH $4 
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uae Vit— 4 trap \\ ck f/f 
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TIMING DIAGRAMS (continued) 
READ-MODIFY-WRITE CYCLE 


RAS 


CAS 


=| 


DQ,-DQg 
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Vii— 
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FAST PAGE MODE READ CYCLE 


RAS 


CAS 


DQ,-DQg 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
- ae Sige RRR ee Tee cet 
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a 7 ‘ { 
—— f ie ; ~- tRAL 
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Ww Wie BANE TR LEXY) 
= THK KKK YL VV RRR KV RY YWUYVVY/VVVYVV ¥ YYVVV/VVY 
OE RRR NR RR ORRIN 
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0000, OX RN OY 










FAST PAGE MODE READ-MODIFY-WRITE 
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TIMING DIAGRAMS 6 continued) 


RAS-ONLY R 


EFRESH CYCLE 


Note: W, OE = Don’t care 


Vin— 
RAS Wie 
= ViH— 
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ViH— 
A 
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CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Viy, OE, A=Don’t Care 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS continued) 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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READ-MODIFY-WRITE 
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DEVICE OPERATION 


Device Operation 

The KM49C512 contains 4,718,592 memory locations 
arranged in 9 groups of 524,288 1 bit each. Twentyad- 
dress bits are required to address a particular memory 
location. Since the KM49C512 has only 10 address in- 
put pins, time multiplexed addressing is used to input 10 
row and 10 column addresses. The multiplexing is con- 
trolled by the timing relationship between the row address 
strobe (RAS), the column address strobe (CAS) and the 
valid row and column address inputs. 


Operation of the KM49C51 2 begins by strobing in a valid 
row address with RAS while CAS remains high. Then the 
address on the 10 address input pins is changed from 
arow address to a column address and is strobed in by 
CAS. This is the beginning of any KM49C51 2-cycle in 
which a memory location is accessed. The specific type 
of cycle is determined by the state of the write enable 
pin and various timing relationships. The cycle is ter- 
minated when both RAS and CAS have returned to the 
high state. Another cycle can be initiated after RAS re- 
mains high long enough to satisfy the RAS precharge time 
(trp) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, trp, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM49C512 begin a complex sequence of events. If the 
sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. Additionally the access time also depends on the 
falling edge of CAS and on the valid column address tran- 
sition. If CAS transitions to a low before tacp(max) then 
the access time to valid data is specified by trac(min). 
However, if CAS transitions low after tacp(max) or if the 
column address becomes valid after trap(max), access 
is specified by tcac or taa. In order to achieve the 
minimum access time, trac(min), it is necessary to meet 
both tacp(max) and trap(max). 


Write 
The KM49C512 can perform early write, late write and 


read-modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between W, OE, CAS. In any type 
of write cycle, Data-in must be valid at or before the fall- 
ing edge of W or CAS, whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The 9-bit wide data at the data 
/O pins is written into the addressed memory cells. 
Throughout the early write cycle the output remains in 
the Hi-Z state. In the early write cycle the output buffers 
remain in the Hi-Z state regardless of the state of the OE 
input. 


Read-Modify-Write: \n this cycle, valid data from the ad- 
dressed cells appears at the output before and during 
the time that data is being written into the same cells. 
This cycle is achieved by bringin W tow after CAS and 
meeting the data sheet read-modify-write timing re- 
quirements. The OE input must be low during the time 
defined by toga for data to appear at the outputs. If tcwo 
and trwp are not met output may contain invalid data. 
Conforming to the OE timing requirements prevents bus 
contention on the KM49C512 DQ pins. 


Data Output 

The KM49C512 has a three-state output buffers which 
are controlled by CAS and OE. Whenever either CAS or 
OE is high (Vin), the outputs are in the high impedance 
(Hi-Z) state. In any cycle in which valid data appears at 
the outputs, the outputs enter into the low impedance 
State in the time specified by tciz after the falling edge 
of CAS. Invalid data may be present at the output during 
the time after tcLz and before the valid data appears at 
the output. The timing parameters tcac, trac and taa 
specify when the valid data will be present at the output. 
This is true even if a new RAS cycle occurs (as in hid- 
den refresh). Each of the KM49C51 2 operating cycles 
is listed below after the corresponding output state pro- 
duced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-Before-RAS Refresh, OE con- 
trolled write, CAS-only cycle. 


Indeterminate Output State: Delayed Write (tcwpo or 
trwp times are not met) 


Refresh 

The data in the KM49C512 is stored as a charge on 
microscopic capacitor within each memory cell. The 
stored charge tends to dissipate over time and will af- 
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DEVICE OPERATION (continued) 


fect data integrity if the charge is not periodically refresh- 
ed. Refresh of the individual storage cells is accomplished 
by accessing all rows within the refresh period (trer) of 
within 16ms. There are several ways to accomplish this: 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each of the 1024 row address 
(A0-AQ). 


CAS-before-RAS Refresh: The KM49C512 has CAS- 
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If either CAS input 
is held low for the specified set up time (tcsr) before 
RAS transitions low, the onchip refresh circuitry is enabl- 
ed. An internal refresh operation automatically occurs. 
The refresh address is supplied by the on-chip refresh 
address counter which is then internally incremented in 
preparation for the next CAS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending either input active time and cycling RAS. 
The hidden refresh cycle is actually a CAS-before-RAS 
refresh cycle within an extended read cycle. The refresh 
row address is provided by the on-chip refresh address 
counter. 


Other Refresh Methods: tis also possible to refresh the 
KM49C512 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in the 
row are automatically refreshed. There are certain ap- 
plications in which it might be advantageous to perform 


refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


Fast Page Mode 

The KM49C512 has Fast page mode capability provides 
high speed read, write or read-modify-write access to 
all memory locations within a selected row. These cycles 
may be mixed in any order. A fast page mode cycle 
begins with a normal cycle. Then, while RAS is held low 
to maintain the row address, CAS is cycled to strobe in 
additional column addresses. This eliminates the time re- 
quired to set up and strobe sequential row addresses 
for the same page. 


CAS-before-RAS Refresh Counter test 


cycle 

A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of veri- 
fying the functionality of the CAS-before-RAS refresh ac- 
tivated circuitry. The cycle begins as a CAS-before-RAS 
refresh operation. Then, if CAS is asserted high and then 
low again while RAS is asserted low, the read and write 
operations are enabled. In this method, the row address 
bits AO through AQ are supplied by on chip refresh 
counter. 


Power-Up 

lf RAS=Vss during power-up, the KM49C512 could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. It is recommended that RAS and CAS track 
with Vcc during power-up or be held a valid Vin in order 
to minimize power-up Current. 
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PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.720(18.29) 0.027(0.69) 
r 0.730(18.54) ; MIN 
Pit ie yy 




















| 





0.395(10.03) 
0.405(10.29) 
0.008(0.20) 
0.012(0.30} 
0.365(9.27) 
0.375(9.53) 
0.435(11.05) 
0.445(11.30) 























- 











Tr 











L_ L_ 
| L 0.026(0.66) 
0.032(0.81) 0.140(3.56) 
0.148(3.76) 





a 








| 0.004(0.1)] 


0.016(0.41) 0.050(1.27) L 0.050(1.27) 
0.020(0.51) TYP MAX 
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KMM581000AN DRAM MODULES 





1MX8 DRAM SIMM Memory Module 
FEATURES GENERAL DESCRIPTION 


* Performance range: The Samsung KMM581000AN is a 1M bit X 8 Dynamic 


RAM high density memory module. The Samsung 
Ptr | tcac KMM581000AN consist of two 4M bit DRAMs 


(KM44C1000AJ - 1MX4) in 20-pin SOJ package 
mounted on a 30-pin glass-epoxy substrate. A 0.22uF 
| KMM581000AN- 8 | 80ns__ decoupling capacitor is mounted for each DRAM. 
| 100ne | 26ne_| 180ne | The KMM58100OOAN is a Single in-line Memory Module 
Fast Page Mode operation with edge connections and is intended for mounting into 
CAS-before-RAS refresh capability 30-pin edge connector sockets. 
RAS-only and Hidden refresh capability 
TTL compatible inputs and outputs 
Single +5V+10% power supply 
1024 cycles/16ms refresh 
JEDEC standard pinout 


FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATIONS 














DQo 

DQ; Vec 
DQ2 CAS 
DQ; DQo 


DQ, Ay 
DQs A3 
DQ. 
DQ; DQs 





DQ; 


DQ, 






Pin Name Pin Function 





Address Inputs 
Data In/Out 
Read/Write Input NC 
































[6] 
; 
[2] 
[21] 


RAS Row Address Strobe ae 
CAS Column Address Strobe RAS 
Voc Power (+5V) NC 
Vss Ground es 









No connection 
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ABSOLUTE MAXIMUM RATINGS* 

















—1 to +7.0 
—1 to +7.0 
—55 to +150 





Voltage on Any Pin Relative to Vss 
Voltage on Vcc Supply Relative to Vss 
Storage Temperature 
Power Dissipation 
Short Circuit Output Current 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 

















RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=O to 70°C) 


Supply Voltage 
Ground 
Input High Voltage 











Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 









































































Parameter Symbol Min | Max | Units 
: KMM581000AN- 7 
Operating Current* 
Se ; at KMM581000AN- 8 loc — 190 mA 
(RAS, CAS, Address Cycling @ tac=min.) KMM581000AN-10 | ay 170 a 
Standby Current 
(RAS=CAS=Vin) Icc2 — 4 mA 
——— Z KMM581000AN- 7 _ 210 mA 
chev TEAS Cycin 7 eee KMMS581000AN- 8 | Iccs | — | 190] mA 
Ms ge the KMM581000AN-10 = | 170:|. <mA 
7 KMM581000AN- 7 — 160 mA 
ASA ebb ene KMM581000AN- 8 | Icca — | 140] mA 
7 Tee ee ns KMM581 0OOAN-10 = | 120 | mA 
Standby Current 
| (RAS=CAS=Vcc—0.2V) Iccs = 2 mA 
CAS-Before-RAS Refresh Current* RID® OOO BNE of eee ee 
(RAS and CAS Cycling @ trc=min.) KMM581000AN- 8 Ioce _ 190 mA 
: KMM581000AN-10 —_— 170 mA 
Input Leakage Current (Any input O<Vin<6.5V, = 
all other pins not under test=O volts.) L Ih ae 20 un 
Output Leakage Current ee 
(Data out is disabled, O<Vour<5.5V) lo LOS ¢ ASE |) BE 
Output High Voltage Level (lou=—5mA) VoH a a 
Output Low Voltage Level (loL=4.2mA) VoL _ 0.4 Vv 








*NOTE: Icc1, Icc3, loc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained 
with the output open. Icc is specified as average current. 
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CAPACITANCE (t,=25°c) 


Input Capacitance (Ao-Ag, RAS, CAS, W) 
Input/Output Capacitance (DQ o-DQ7) 








AC CHARACTERISTICS (0°c<ta<70°C, Voc=5.0V+10%, See notes 1,2) 








































































































KMM581000AN-7 | KMM581000AN-8 |KMM581000AN-10 
Standard Operation Symbol a Unit | Notes 
Min Max Min Max Min Max 
Random read or write cycle time tro 130 150 180 ns 
Access time from RAS tRAC [ 70 80 100] ns | 3,4 
Access time from CAS tcac 20} 20 25| ns |3,4,5 
Access time from column address taa 35 40 50/ ns | 3,11 
CAS to output in Low-Z [ tcLz 5 | 5 5 ns I 3 
Output buffer turn-off delay torr [ 0 15 0 15| 0 20)| ns 7 
| Transition time (rise and fall) tr | 3 50 3 50 3 50] ns 2 
RAS precharge time trp | 50 60 |_70 ns 
RAS pulse width tras 70| 10,000] 80] 10,000|}100| 10,000; ns | 
|RAS hold time tasn | 20 | 20 [| 25 ns | 
CAS hold time tcsH 70 80 100 ns 
CAS pulse width | tas | 20| 10,000| 20] 10,000| 25] 10,000] ns | 
RAS to CAS delay time trop | 20 50|} 20 60| 25 75| ns 4 
RAS to column address delay time trap 15 35; 15 40| 20 50| ns 11 
CAS to RAS precharge time tcrP [ 5 | 5 10 ns i 
Row address set-up time tasr 0 0 6) ns 
Row address hold time tRAH [ 10 | 10 15 ns 
|Column address set-up time tasc 0 0 8) ns 
Column address hold time tcaH l 15 i 15 20 ns | 
Column address hold referenced to RAS| tar 55 60 75 ns | 6 
Column Address to RAS lead time tRAL [ 35 | 40 50 ns | 
Read command set-up time trcs Oo | 6) 0 ns | 
Read command hold referenced to.CAS | tron 0 0 ) ns 9 
| Read command hold referenced to RAS | trRH | ol 0 0 ns 9 
[Write command hold time twcH 15 15 20 ns 
Write command hold referenced to RAS | twcr L 55 60 75 ns 6 
Write command pulse width twp 15 15} 20 ns 
Write command to RAS lead time tRWL 20 20 25 ns 
Write command to CAS lead time | tow. | 20 20| | 25 ns | 
Data-in set-up time |_ tos i 0 0 0 ns 10 
Data-in hold time | tbH 15 ue | 20 ns d 10 
Data-in hold referenced to RAS toHR 55 60 75 ns 6 
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KMM581000AN-7 





KMM581000AN-8 | KMMS81000AN-10 





Standard Operation 












Unit | Notes 











n} Max 













































































Refresh period trer 16 16 16| ms 
Write command set-up time twcs 0 8 ns | 8 
CAS set-up time (C-B-R refresh) tcsr 10 [ 10 ns 
CAS hold time (G-B-R refresh) tour T30 2 ns | 
RAS precharge to CAS hold time trpc ze 10 iz 10 {ns | 
Access time from CAS precharge tcpa 45 55 | ns 3 
Fast page mode cycle time ail tpc 50 | 60 ns 

oe precharge time (Fast page) top 10 10] re 
RAS pulse width (Fast page) 7 trasp 200,000 20 | 200,000 | 100 | 200,000; ns 

| Wto RAS precharge time (C-B-R refresh) | twap 10 10 = ns 
W to RAS hold time (C-B-R refresh) twrH ae 10 r l 40 | ns | 
CAS precharge (C-B-R counter test) topt 40 50 ns 


NOTES 


1: 


NOOO 


An initial pause of 200us is required after power- 
up followed by any 8 RAS cycles before proper 
device operation is achieved. 


. Vin(min) and Vit(max) are reference levels for measur- 


ing timing of input signals. Transition times are 
measured between Vinimin) and Vit(max), and are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads and 


100pF 


. Operation within the trcp(max) limit insures that 


tRac(max) Can be met. trcpimax) is specified as a 
reference point only. If tacp is greater than the 
specified tRcpimax) limit, then access time is con- 
trolled exclusively by tcac. 


. Assumes that tacp2>trcpimax)- 
. tar, twor, tpHR are referenced to trap(max). 
. This parameter defines the time at which the out- 


put achieves the open circuit condition and is not 
referenced to Vou or Vo. 





10. 


11. 





twes, trwo, tcwo and tawo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twcs2twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. 

Either tacH or tarH must be satisfied for a read 
cycle. ; 
These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max) limit insures that 
trac(max) can be met. trap(max) is specified as a 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is con- 
trolled by taa. 
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TIMING DIAGRAMS 























READ CYCLE 
SS Sn —— ee el 
trp 
panes ViH- tRAS 
RAS ies | 
| 
aca | 
ee trop tase —-_—J | oe | 
m WT Wo" eT 
as es | 
tRaD | tral —~———_——__— 
tase =} tran a ies | 
nH. YYYX VY IIIT IVY VV VV VY VV VY 
mE RE ontss DREOKE —SEGRBES DRESSER 
| | | tRCH 
trcs j-— | [> tre} 
ar IH— VYYYVYYVYVVVVVVVYY YVY G4 XY XY 
wT RSIS ook eae OX 
|e ta 





WRITE CYCLE (EARLY WRITE) 


|_touz | | toFF | 
tRAC ' 
= Vo.— OPEN KX VALID DATA-OUT \ 














RAS 
CAS 
VYVAY YA AAA 
; ROW 
| 
Vin- SVY V ¥¥YVYVYVYYVY YY ¥ twp SAA AAAARAS,,ARAAA SY 
wT YOO OOO 
| Aa 
| FP to 
Vie AAPYYYVVYVYYVVYAAVY IRV VV VY VV VV 
coc OOOO OOD 








ax DON’T CARE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ CYCLE 





: trp 
RASP pas 
AAS oe 
Vit— 
tcsH tec tRSH 
* 
trop tcas tcas tcrP: 
Vin— 
CAS Wie 
N= 
fas iia] tCAH 
Viq— an — —— "4 Y 
a Vie NX ADD YY) er Ce MS fe ew Ay 
Aes 
Vin— XX XK) OY ls iF RYT 
“ Vit— XXXX) Oy Y) tcac ™ ¢ XX X) 
taa tw] —~——taa 
trac tcPa ———— tcpa 
Vou— 7 VALID x) VALID 
0, : Y\VIDATA-OUT 
DQ = 0, DATA-OUT 0, 
torr tciz| | toFF ! 
teiz = 





FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 















tap 
=e ViH— 
RAS 
Vit— 
; ; ; tec ; tRSH 
‘ey ) | CAS | tcas a Letees co 
el \ \\ 
IL 
‘tRAL——=—| 
ieee | | 4 gee Eas 
Viq— WY {Kh} C CY OR) 
aren Gc Gre: KOC ELK ‘ ‘EER OY 
t-— trap 
‘wer twcH 
twcs fac 
_ ue CONTE ‘ RY ma XXX YY 
Ww OT OOOO TT ‘sn OXY 


pa eum Ae WA AY xX x NOM vauio oarain | VALID DATA-IN F vaio oarain JAY|VALIO barasn (1VALID DATA- aoe sj VALID DATA-IN XY X) KAA 


Vit— IN NIN 
toHR j KX] DON’T CARE 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W=Don’t Care 


tase 


L\Z\ 


Vin — 
CAS " 
Vii — 
tone 
pa Via — 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address=Don’t Care 


Vin — 
RAS 
Vii — 
tapc 
tesa 
tcp 
CHS Vin — ii 
Vi — 
twan 
_ Vu — VV VV VV VV VV 9 
Fe RY 
torr 
Vucn — 
ee. Migs ) 


= VYYVVY VY YN fF VYY YY YVYVVY YY VY ¥Y YY 
+ EEN 


DRAM MODULES 


tac 


tras 


trp 


XXX 


LV LALA 


trpc 


OPEN 


trec 


OO: 


A DALDAN 


tour 


YYVY 


OPEN 
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TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 


Vin Fags 


RAS -tan 


Vin — "VY ia _ (YX X) YY 
AXES antes HY EO a) 
| ice 
KY 


=! 


Vin — (XX 
WO Y i 





NK aK 


tine 


RAS Vw — tan tras 
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umes Vin — 
_™ al = 
eae EOE YY ain Pen 
XX mL 
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| -—| tn 
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1. RR Fr aK EE 


Vu — \/ 
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TIMING DIAGRAMS Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


Vin —. 


Vi — 
z tas 
GAS Vin 
Vi — 
i= = 








eres EE ne coun, WOR om 
READ CYCLE twre ale 
| |_| RCH 
TR | ROY "ie mii Secaaerr 
oe nae VALID DATA OUT 
Vo. — 
WRITE CYCLE tne Ae 


oN + twou XXX 


Vi — 


Vin 
DQ ‘ OPEN 4 VALID DATA IN ) 
|) rs 
RR Don't CARE 
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PACKAGE DIMENSIONS 


Units: Inches (millimeters) 


3.500(88.90) 















3.234(82.14) 









.133(3.38 
0.125 DIA (3.18) 






R.067(1.70) 





.100(2.54) 
MIN 















5 .080(2.03) 
= g MIN 

8 DOOOOODOODODOOOOOODDOODODOOOOOOOUURO 

wee:03) L = | — ora. = | roo | TLesa2s 





2.900(73.66) 
REF 








.300(7.62) 


.200(5.08) 
| | MAX 


Tolerances: +.005(.13) unless otherwise specified 


| .054(1.37) 
.047(1.19) 
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1MX9 DRAM SIMM Memory Module 
FEATURES 


¢ Performance range: 











Fast Page Mode operation 
CAS-before-RAS refresh capability 
RAS-only and Hidden refresh capability 
TTL compatible inputs and outputs 
Single +5V+10% power supply 

1024 cycles/16ms refresh 

JEDEC standard pinout 


FUNCTIONAL BLOCK DIAGRAM 


| 








RAS DQo 

CAS DQ, 

WwW DQ>2 

Ao.9 DQ3 
DQ, 
DQ; 
DQe6 
DQ; 
PQ 

PCAS 

PD 











Pin Name 


GENERAL DESCRIPTION 


The Samsung KMM591OOOAN is a 1M bit X 9 Dynamic 
RAM high density memory module. The Samsung 
KMM591000AN consist of two 4M bit DRAMs 
(KM44C1000AJ - 1MX4) in 20-pin SOJ package and 
1M bit DRAM (KM41C1000BJ - 1M 1) in 20-pin SOJ 
lpackage mounted on a 30-pin glass-epoxy substrate. A 
0.22uF decoupling capacitor is mounted for each DRAM. 


The KMM591 OOOAN is a Single In-line Memory Module 
with edge connections and is intended for mounting into 
30-pin edge connector sockets. 


PIN CONFIGURATIONS 


DQ3 





Pin Function 





























Address Inputs As 
DQo.7 Data In/Out 2 
WwW Read/Write Input DQs 
RAS Row Address Strobe W 
CAS Column Address Strobe 
CAS for Parity NC 















Data In for Parity 
Data Out for Parity 
Power (+5V) 








Ground 


[5] 
[6] 
[9] 

















No connection 











oH s SAMSUNG 


# Electronics 


347 





KMM591000AN DRAM MODULES 





ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative to Vss Vin, Vout —1 to +7.0 
Voltage on Vcc Supply Relative to Vss Voc -1 to +7.0 








Storage Temperature Tstg —55 to +150 
Power Dissipation Pp 1.8 
Short Circuit Output Current los 50 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=0O to 70°C) 




















Supply Voltage 





Ground 





Input High Voltage 
Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 




































































































: KMM591000AN- 7 — 290 mA 
Operating. Current* 
ee ee ; siete KMM591000AN- 8 Icc1 _ 260 mA 
(RAS, CAS, Address Cycling @ trc=min.) KMM591000AN-10 _ 230 Hh 
Standby Current 
(RAS=CAS=Vin) Icc2 _ 6 mA | 
RAS-Only Refresh Current* SeIMS HOON DNE re eee nn 
(CAS=Vin, RAS Cycling @ tac=min) KMM591000AN- 8 Ioc3 _ 260 mA 
IH, KMM591 00O0AN-10 — 230 mA 
Fast Page Mode Current* Re OU NS = ieee mv 
(RAS=Vi, CAS Cycling: tec=min.) KMM591000AN- 8 loca _ 190 mA 
‘ . ; KMM591000AN-10 — 160 mA 
| 
Standby Current 
(RAS=CAS=Vcc—0.2V) lecs _ 3 mA 
CAS-Before-RAS Refresh Current* RMI Oo  OOORN: f we Meee We 
(RAS and CAS Cycling @ tac=min ) KMM591000AN- 8 Icce — 260 mA 
. KMM591000AN-10 — 230 mA 















Input Leakage Current (Any input O<Vin<6.5V, 




































all other pins not under test=O volts.) Me =u, oe HA 
Output Leakage Current A 

(Data out is disabled, O<Vout<5.5V) low LO Eel see 
Output High Voltage Level (lon=—5mA) VoH 2.4 _ Vv 
Output Low Voltage Level (loL=4.2mA) Voi — 0.4 Vv 





*NOTE: Icc1, Ilcc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained 
with the output open. Icc is specified as average current. 
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CAPACITANCE (1t,=25°c) 


Input Capacitance (Ao-Ag, RAS, CAS, 





Input Capacitance (PD, PCAS) 





Input/Output Capacitance (DQ 9-DQ7) 








Output Capacitance (PQ) 





Standard Operation 


Random read or write cycle time 





KMM591000AN-7 | KMM591000AN-8 |KMM591000AN-10 
Symbol 














Access time from RAS tRAC 
Access time from CAS tcac 
Access time from column address tan 








CAS to output in Low-Z 





Output buffer turn-off delay 





Transition time (rise and fall) 
RAS precharge time 





O 


5 
) 
tr 3 
[tap | 50/ | 60 








80 
| | 20 
















































































































CAS hold time |tosy_ | 70] | 80) 

|CAS pulse width tcas 10,000} 20] 10,000} 25 

RAS to CAS delay time trcp 50/ 20 

RAS to column address delay time tRAD 35| 15 

CAS to RAS precharge time torp 5 | 

Row address set-up time tasr 0 

Row address hold time tRAH 10 

[Column address set-up time tasc a 0 

Column address hold time tcAH 15 

Column address hold referenced to RAS/| tar 60 | 

Column Address to RAS lead time tRAL 40 

Read command set-up time trcs 0 0 ns 

Read command hold referenced to CAS | trcn 0 0 ns 9 
Read command hold referenced to RAS | trary 0 0 ns 9 
| Write command hold time twoH 15 20 [os 
Write command hold referenced to RAS | twcr 60 75 ns 6 
Write command pulse width twp 15 20], ns 

Write command to RAS lead time tRwe 20 25 ns 

Write command to CAS lead time tow 20 26 | ns 
Data-in set-up time tos 0 6) ns 10 
Data-in hoid time toH 15 20 ns | 10 
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AC CHARACTERISTICS (continued) 








































































































KMM591000AN-7 | KMM591000AN-8 | KMM591000AN-10 
Standard Operation 
Min| Max |Min| Max 
Data-in hold referenced to RAS toHR 60 75 ns 6 
Refresh period - | trer 16 16) 16/ ms 
Write command set-up time twos 0 0 ns 8 
CAS set up time (C-B-R refresh) tcsr 10 10 ns 
CAS hold time (C-B-R refresh) tour 30 30 ns 
RAS precharge to CAS hold time trpc 10 10 ns 
Access time from CAS precharge tcpa 45 45 55| ns 3 
Fast Page mode cycle time tec 50 60 ns 
CAS precharge time (Fast page) | top 10 10 ns 
————— T 
RAS pulse width (Fast page) trasp 200,000; 80 | 200,000 ; 100 | 200,000! ns 
— ee — = ae 
ae to RAS precharge time (C-B-R refresh)| twre 10 10 ns 
Wto RAS hold time (C-B-R refresh) twrH 10 10 ns 
CAS precharge (C-B-R counter test) topr 40 50 ns 
NOTES 
1. An initial pause of 200us is required after power- 8. twos, trwo, tcwo and tawp are non restrictive 
up followed by any 8 RAS cycles before proper operating parameters. They are included in the data 
device operation is achieved. sheet as electrical characteristics only. If 
2. Viximin) and Vit(max) are reference levels for measur- twcs2twcs(min) the cycle is an early write cycle 
ing timing of input signals. Transition times are and the data out pin will remain high impedance for 
measured between Vin(min) and Vit(max), and are the duration of the cycle. 
assumed to be 5ns for all inputs. 9. Either tacH or trRH must be satisfied for a read 
3. Measured with a load equivalent to 2 TTL loads and cycle. a 
100pF 10. These parameters are referenced to the CAS 
4. Operation within the trcpimax) limit insures that leading edge in early write cycles and to the W 
tRac(max) can be met. trcp(max) is specified as a leading edge in read-write cycles. , 
reference point only. If tacp is greater than the 11. Operation within the trap(max) limit insures that 
specified trcpimax) limit, then access time is con- trac(max) can be met. trap(max) is specified as a 
trolled exclusively by tcac. reference point only. If trap is greater than the 
5. Assumes that tacp>trcpimax)- specified trap(max) limit, then access time is con- 
6. tar, twcr, toHR are referenced to trap(max). trolled by taa. 
7. This parameter defines the time at which the out- 


put achieves the open circuit condition and is not 
referenced to Von or VoL. 
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TIMING DIAGRAMS 



























































READ CYCLE 
RAS 
CAS 
CC Weenie ae | | 
; [_ tRAD eae a er | 
tasre—+—+| tRAH ae tCAH 

iH. Y¥YY VY AINA II AAA VV VV 

mA ARE AB5utss DRIRK SBR DRIER EK) 
| a 
tacst-{ }— | [->—— tr 

in- YOK YVVYVYVYYVKYXV VV YF 

w on BSR KY 
VoH— 

DQ Nore 


WRITE CYCLE (EARLY WRITE) 











RAS 
CAS 
A 

| b+ tow. ———] | 

twos | ‘WOR = | 
| t~——— wer} | 
in— WY VY PY YY YY twe CAAIAAKANIV YAY 

wT ORE DOO 


| ioe tawe-————| 
| a eg ewe 
con OOOO. vauwonran ORO 
ne KX DON'T CARE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ CYCLE 








; . tap 
RASP fot 
Viq— 
RAS Vit— 
tec tRSH 
top tcp . 
peat tcas' tcas : tcrP 
Vip— ; 
CAS Vit— \\ \\ 
7 tRAL 
tasc tcaH| 
tae ae Fa, 
ha = NM COL Xr XX AY 
A ae ADD XX) ADD XXX AKAN 
; ro 
tRCH 
au 
w vn SYRRRRXRY 04, i; ROKK 
\ 
w Vit— f\ XX) XXX AX ¢ tcac : tcac XX x) 
taa ie ———taa 
trac tcpa —we——— tCPA 
= / VALID X VALID 
pa el i) DATA-OU G\) (oAtacoUr DATAQU 
OL— 
\ torr toiz}} torr tcLz 
toxz ~ —— 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
, t 
trasP a 
eee | 
Vip— 
RAS wc ; 
tRSH 
tcrp ies tcas tcp toas tcrp 
- 
Vip— \\ 
CAS 
Vit— 
‘tRAL——-—+ 
es 
Vip— pl — V/A) VV) 
OCS OTE ON 
Vi— \ K ADD ADD 
twWcH 
= ViH— ane XYKKY 
Ww Vit— ae i NYY 





ba xin Wie (XX aX AAA VALID DATAIN | VALID DATA-IN =~ Ayn VALID ne oh VALID DATA“I| RR 


Vit— \ YY v 


toHR x DON’T CARE 
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TIMING DIAGRAMS (continued) 


RAS-ONLY REFRESH CYCLE 
Note: W=Don't Care 


tac 


tras 
RAS Vin — 
Vi — 
Bn EOI nemesis aR 
Vin —_ 
a ae A / 
tonp tape 
DQ - a OPEN 
CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address=Don't Care 
tre 
trp 
Vin — 
RAS 
Vi 
trec 
tesr 
top tour tarc: 
View — YYVYVVVYYV VY Vs 
twan 
_ Vin — ZY YY VV VY YV VV 8 -avarvavavavaraaravavaraavaravavavaavavaaaaaalaaaaa’s 
We RY NEO KKK 
torr 
Vien — 
Ble) a \) OPEN 
RXY DON’T CARE 
au 
gus 353 
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TIMING DIAGRAMS Continued) 
HIDDEN REFRESH CYCLE (READ) 






Vin —7VY 


7 ROW 


CARE ROU ADO LON UU RY 


| twrp 
ee ee ds 
Ra aie 


=| 


Vin — 
1. ORY ae 






HIDDEN REFRESH CYCLE eee 


RAS Vie his 
torr 
tonr 
CAS 


it 





nT OX oS Ban a ee Airy) 
YT | AXX) iy 
Vi — VavAy YYX 
Oo IRR atronara ACR 


tour 
RY DON’T CARE 
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TIMING DIAGRAMS 6<continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


Vi — 
tosr tert tas: 


tour 
a _ t 
CAS Via a oe y, 
. 5] ( 


A RR A: a Nt me (an 
READ CYCLE twep tae 





















a = a V/\/ en = \/ 
mY RRXN ETT RRRRYRRRERY loll RRR 
Da Vou VALID DATA OUT 
Vor — 
WRITE CYCLE twee — 
WT RRR RY AT RRR 
tos /— a 


RY Don’t CARE 
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PACKAGE DIMENSIONS 


Units: Inches (millimeters) 


3.500(88.90) 












3.234(82.14) 






-133(3.38) 










R.067(1.70) 0.125 DIA (3.18) 


.100(2.54) 
fy MIN 
Sly 215 > ones 
i 318 OQOUOQOOQOUDDOUOODODOOUOUDOOOUOO0O000000 


oo) L = = .78) aa er ee 





2.900(73.66) 
.300(7.62) ee 
.200(5.08) 
MAX 
Tolerances: +.005(.13) unless otherwise specified 
.054(1.37) 
.047(1.19) 
se 
ges 56 
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4MxX8 CMOS DRAM SIMM Memory Module 
FEATURES GENERAL DESCRIPTION 


¢ Performance range: The Samsung KMM584000A is a 4M bit X 8 Dynamic 
RAM high density memory module. The Samsung 
KMM584000A consist of eight KM41C4000AJ DRAMs 





_7 in 20-pin SOJ package mounted on a 30-pin glass-epoxy 
BMMS640004 substrate. A 0.22uF decoupling capacitor is mounted 
KMM584000A- 8 under each 4M Bit DRAM. 





KMM584000A-10 





The KMM584000A is a Single In-line Memory Module 
¢ Fast Page Mode operation with edge connections and is intended for mounting into 
¢ CAS-before-RAS refresh capability 30-pin edge connector sockets. 

¢ RAS-only and Hidden refresh capability 

¢ TTL compatible inputs and outputs 

¢ Single +5V+10% power supply 

* 1024 cycles/16ms refresh 

e JEDEC standard pinout 


FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATIONS 








Voc 


CAS 
v 0Q, Ao 


DQ; 
“ DQs 


w DQ.6 


DQ3 
9 DQ; Ae 





DQ, 


DQs 


Read/Write Input 


Row Address Strobe DQ; 
CAS 














Column Address Strobe 





Power (+5V) NC 
Ground NC 


; Voc 





SRE NBER EEEEEERRENEEs shee 


UU 
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ABSOLUTE MAXIMUM RATINGS* 


Vin, Vout —1 to +7.0 
Voltage on Vcc __ otage on Ary Reve Use Relative to Vss Vec ~1 to +7.0 











Storage Temperature Tstg —55 to +150 
Power Dissipation Pp 4.8 
los 50 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=O to 70°C) 

















Supply Voltage 











Ground 
Input High Voltage 
Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 



























Parameter 





KMM584000A- 7 
KMM584000A- 8 
KMM584000A-10 


Operating Current* 
(RAS, CAS, Address Cycling @ trc=min.) 








Standby Current 

(RAS=CAS=Vin) 

RAS-Only Refresh Current* 
(CAS=Vin, RAS Cycling @ tac=min) 














KMM584000A- 7 
KMM584000A- 8 
KMM584000A-10 


KMM584000A- 7 
KMM584000A- 8 














Fast Page Mode Current* 




































(RAS=ViL, CAS Cycling: tec=min.) /KMM584000A-10 | eh se 

Standby Current _ 

(RAS=CAS=Vcc—0.2V) Iccs 8 mA 

CAS-Before-RAS Refresh Current* KMMS84000A- 7 — | 840 | mA 

(RAS and CAS Cycling @ tac=min.) KMMS84000A- 8 | — Icce — | 760 | ma 
alg cad KMM584000A-10 — | 680 














Input Leakage Current (Any input O<Vin<6.5V, 
all other pins not under test=O volts.) 


Output Leakage Current 
(Data out is disabled, O<VouT<5.5V) ue 


Output High Voltage Level (lo4=—5mA) 
Output Low Voltage Level (loL=4.2mA) 


lit 1 —80 



































*NOTE: Icct, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained 
with the output open. Icc is specified as average current. 
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CAPACITANCE (1,=25°c) 


Input Capacitance (Ao-A10) 
Input Capacitance (RAS, CAS, W) 








Input/Output Capacitance (DQo-DQ7) 










KMM584000A-7 | KMM584000A-8 |KMM584000A-10 
Standard Operation noe oe Unit! Notes 


























































































































Random read or write cycle time tre 130 180 ns 
Access time from RAS trac 70 80 100| ns | 3,4 
Access time from CAS tcac 20 20 25 ns |3,4,5 
Access time from column address | taa 35 40 50| ns | 3,11 
CAS to output in Low-Z tcLz 5 5| 5 zaps 3 
Output buffer turn-off delay torr 0 15 0 15 0 20} ns 7 
Transition time (rise and fall) tr 3 50 3 50 3 501 ns 2 
RAS precharge time tre | 50;  ———i|- 60 70 ns 

RAS pulse width tras | 70| 10,000] 80| 10,000/100| 10,000] ns 

RAS hold time tow | 20[ | 20] S| ns 

CAS hold time tesx_| 70] | 80| | 100 | ns 

CAS pulse width tcas 20; 10,000) 20; 10,000} 25}; 10,000] ns 

RAS to CAS delay time trcp | 20 50| 20 60| 25 75/ ns | 4 
RAS to column address delay time trap 15 35; 15 40; 20 50] ns 11 
CAS to RAS precharge time torP 5 5 10 ns | 
Row address set-up time tasr (0) 0 0 ns 

Row address hold time tRAH 10 10 15 ns 
Column address set-up time tasc__| 0 0 [ 0 ns 
Column address hold time tcaH | 15 15 20 ns 
|Column address hold referenced to RAS| tar 55 60 75 ns 6 
Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time trcs 0 0 0 ns 

Read command hoid referenced to CAS | trcn 0 0 6) ns 9 
Read command hold referenced to RAS | trrH 0 0 0 ns 9 
Write command hold time twcH 15 15 20 ns 

Write command hold referenced to RAS | twcr 55 60 75 ns 6 
Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time towL 20 20 25 ns | 
Data-in set-up time tos 0 0 0 ns 10 
Data-in hold time toH 15 15 20 ns 10 
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AC CHARACTERISTICS (continuea 





Data-in hold referenced to RAS ltown | 55 | 


Refresh period 

Write command set-up time 

CAS set-up time (C-B-R refresh) 
CAS hold time (C-B-R refresh) 
RAS precharge to CAS hold time 
Access time from CAS percharge 
Fast page mode cycle time 


Standard Operation 























CAS precharge time (Fast page) 


KMM584000A-7 | KMM584000A-8 |KMM584000A-10 








Unit | Notes 


Max 
ns 6 
ms 
ns 8 


ns | 
ml 

















ns 














ns |_ 























RAS pulse width (Fast page) 
W to RAS precharge time (C-B-R refresh)| twar 
W to RAS hold time (C-B-R refresh) 
CAS precharge (C-B-R counter test) 




















NOTES 


1. 


NO O 


An initial pause of 200us is required after power- 
up followed by any 8 RAS cycles before proper 
device operation is achieved. 

Vit(min) and Vit(max) are reference levels for measur- 
ing timing of input signals. Transition times are 
measured between Vinimin) and Vit(max), and are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads and 


100pF 


. Operation within the tacp(max) limit insures that 


tRac(max) can be met. tacpimax) is specified as a 
reference point only. If tacp is greater than the 
specified trcpimax) limit, then access time is con- 
trolled exclusively by tcac. 


. Assumes that tacp2trcp(max)- 
. tar, twor, toHR are referenced to trap(max). 
. This parameter defines the time at which the out- 


put achieves the open circuit condition and is not 
referenced to Vou or VoL. 






8. 











twos, tawo, tcwo and tawo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twcs2twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. 

Either tacH or tary must be satisfied for a read 
cycle. 


. These parameters are referenced to the CAS 


leading edge in early write cycles and to the W 
leading edge in read-write cycles. 


. Operation within the trap(max) limit insures that 


trac(max) can be met. trap(max) is specified as a 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is con- 
trolled by taa. 
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_ TIMING DIAGRAMS 


READ CYCLE 
a Vin 
RAS 

Vit 

ons Vi 
Vit— 

, Vin 
ViL- 

Vit— 

VoH— 

DQ Voi 




















co tcsH 


— 


1 var 
tcas 


TcRP 











a tant —} 
: trad + tRAL oe areas 
tasa——-] Latrane} ae ! tcan—| 


VYVY VV AMA //VA//JYVYA/A/VYVV VY VV Y Y 
YOK alontss DRQWK ——_SBbRS —_ DRA) 
be Bale 


-trcst+ jo | [>——"arH 




























WRITE CYCLE (EARLY WRITE) 


pases ViIH— 
Vit— 


Ps) 
n 


Vin-- 
Vite 


oO 
n 


ViH— 
ViL— 


Vip—- 


S| 


Vit— 


Vip— 


DQ Vii— 





trp 
tras 


fee qe? 'RSH torP 
oo tSH 
ft af. 


pop tng r | 


trap-— ui netee 
; tasR | tRAH tasc | | toa | | 
XX X/ V/¥ L VV VY VWVAIVVYYWASYVYAAA/Y ¥ 
SGA, aconess POOR —soontes JOO OOR RORY 
| +t tom {| 
eee ee 
eae aie | 
VY VVYY VV VV VV AY AA AAAAS AAA AA JY 
ON ROO NY 
| FY te 


ree Xx DON’T CARE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ CYCLE 














tre 
tRASP eras 
ViH— 
RAS Vi- 
t 
ies tec ee RSH 
tcas tcas tcrP 
Vin 
: CAS Vit— WW \\ 
tRaL——- 
tasc f= tca| 
: ae Ay pa reeeuewen 
1H#— COL \ 
aan), a i ee as 
; tRRH 
tRCH 
ma 
7 WH RYRXKAAA Ry 6, ROK 
* Vit— XXX? XXXXXK? x} tcke x) [es i) me 
ta ———taa 
trac a —=—— tcPA 
DQ ct eal DATA-OU (Kor DATA-OUT 
oL— 
kom touz v tcLz 


torr; 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


— 






trp 








ae ViH— 
RAS Nice 
t 
tcre thee tcas - cP 
TAS ats 
Vit— 
aX | tra 
tasr eo tasc A 
ASC ie Para 
Vit CO WV 
sve OOM 885 DK | sos a Ne 6] = (TE OR Oy 
a 
twcr 
Wes Ho twos twon "2 twou 
ViH— XX) V XX xy) ‘a al KY YY YY 
wv OOO TA Ne QO 
tos tbH tos| tos toH 


toH 


poy RA 


SSE) ED 


toH#R———| KX] DON’T CARE 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W=Don’t Care 


tasr 


tap: 


Ke SESSION, now anoress Ke SSRI 


CAS ora 
Vii 

pa Vin 
Vii — 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address=Don’t Care 


top 
Vin — 
CAS ka E 
Vi — 


WT RY 
torr 
Vucu ead 
Be tess ) 





tere 





twan 


OK 


trpc 


OPEN 


tour tapc: 


e\ 


OPEN 


OAK 


RY DON’T CARE 
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TIMING DIAGRAMS Continued) 
HIDDEN REFRESH CYCLE (READ) 


Vg — 
RAS : tan 


tore : 

jz CHR: 
wy. Vin 4 
- Vir 7? ; \ 

a 1 ater h 

EN: Cond) (Beco anon Ot NNN nCa Util, 
al Wiese 
YY 


Oe 





Viq — MY YYX) Ry a 
Vii — eet 


=| 


KOR OX 


HIDDEN REFRESH CYCLE poeaae 


RAS Vin — 
Vit — 
torr 
== Vin — 
CAS = 
trap: 


Bigs 








ne) aA “hg —— ri OY 
RR AC oo RUEHaQensneniectenstentcesnceestind 


: Vin — VY YYY Y 
ee RY rae aici ieicici 


tour 
RY DON’T CARE 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


Vin — 


Vi — 
rm 
GAS Vin 
Vi — 


a: mi cE im y 
READ CYCLE toe I 







Rise a oie 
Ww Vin — ~ YYW RY XY Ky [Lal mi 00000 
Da Vou— VALID DATA OUT 
Vo. — 
WRITE CYCLE Lae tu 
We AY Crmitt 4X eNadenantinternietinn 


tow 


Vin = 
DQ ———————— OPEN (| VALID DATA IN ) 
Vi — 
Ra Don’t CARE 
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PACKAGE DIMENSIONS 





-805(20.45) 





3.500(88.90) 
3.234(82.14) 
ey Beet 70) 0.125 DIA (3.18) 
"MAX 


MAX 


-400(10.16) 


Units: Inches (millimeters) 






MIN 





.250(6.35) 
-100(2.54) 





SOULUUULL 


OODOOODOOOOOODOOOODOOOOOUOOODOOO0OO 


.300(7.62) _ =o .78) aa Leas 


2.900(73.66) 














.080(2.03) 


MAX 


sa 08) 
Tolerances: +.005(.13) unless otherwise specified 


_ ,054(1.37) 
.047(1.19) 
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4MX9 CMOS DRAM SIMM Memory Module 
FEATURES GENERAL DESCRIPTION 


e Performance range: The Samsung KMM594000A is a 4M bit X 9 Dynamic 
RAM high density memory module. The Samsung 
KMM594000A consist of nine KM41C4000AJ DRAMs 





MM594000A- 7 in 20-pin SOJ package mounted on a 30-pin glass-epoxy 
s substrate. A 0.22uF decoupling capacitor is mounted 
KMMS94000A- 8 under each 4M Bit DRAM. 





KMMS594000A-10 





The KMM594000A is a Single In-line Memory Module 
¢ Fast Page Mode operation with edge connections and is intended for mounting into 
¢ CAS-before-RAS refresh capability 30-pin edge connector sockets. 

¢ RAS-only and Hidden refresh capability 

TTL compatible inputs and outputs 

e Single +5V+10% power supply 

¢ 1024 cycles/16ms refresh 

e JEDEC standard pinout 


FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATIONS 
















































































Ao-Aio Oo 
RAS 
CAS & O 
WwW = Vec 
DQ 
DQ, DQ, i 
Ai 
Da; {[6] 
DQ, DQs A2 
A3 
Vss {[9] 
DQ, DQe DQ2 
Ag 
As 
DQ3 DQ; DQ; 
As 
PD A; 
PCAS PQ DQ, 
Ag 
[om tee Sargicktie” ||) a rw ee ee tay al 
Pin Name Pin Function Ao | 
: Aro 
Ao-A10o Address Inputs DO. 
DQo-7 Data In/Out ° | WwW 
W | Read/Write Input Vss 
—— DQ. 
RAS Row Address Strobe NC 
CAS | Column Address Strobe DQ; || 
— a : PQ 
PCAS CAS for Parity _— 
PD Data In for Parity PGAS 
PQ Data Out for Parity PD 
Vec {BG 
Voc Power (+5V) O 
Vss Ground 
| 
N.C. No connection 
gas 367 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin nelelive.t to Vss —1 to +7.0 






































-1 to +7.0 
Storage Temperature ss —55 to +150 
Power Dissipation 5.4 
Short Circuit Output Current 50 


* Permanent device damage may occur if “ABSOLUTE TEE? RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=O to 70°C) 


Supply Voltage 





Ground 
Input High Voltage 
Input Low Voltage 














DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter | symbot | min | Max | Units 





Operating Current* 




































































KMM594000A- 7 — 945 mA 
oe , : K 4 - — 
(RAS, CAS, Address Cycling @ tac=min.) Gan oiaoae i) i | eg een aa 
Standby Current lie 
(RAS=CAS=Vin) lcc2 — 18 mA 
1 : KMM594000A- 7 ee 245 | ma 
one -Only Refresh Current KMM594000A- | ices a 855 nik 
(CAS=Vin, RAS Cycling @ tac=min) KMM594000A-10 — | 765 | ma 
Fast Page Mode Current” KMMB04000A. 8 | | = \'esb) nA 
(RAS=ViL, CAS Cycling: tec=min.) oot 

KMM594000A-10 —_— 540 mA 
Standby Current 
(RAS=CAS=Vcc—0.2V) lecs —_ 9/| mA 
CAS-Before-RAS Refresh Current* BMNseeO0ORs T Sealy nical mae 
——— ao ; : KMM594000A- 8 Ioce _ 855 mA 
(RAS and CAS Cycling @ trc=min.) KMM594000A-10 = 765 th 
Input Leakage Current (Any input O<Vin<6.5V, x 
all other pins not under test=O volts.) I se iu a 
Output Leakage Current 
(Data out is disabled, 0<Vour<5.5V) lon tO AO, see 
Output High Voltage Level (lon=—5mA) Vou 2.4 — V 
Output Low Voltage Levei (lo. =4.2mA) VoL _— 0.4 Vv 


*NOTE: Icci, Icc3, Icc4a and Icce are dependent on output loading and cycle rates. Specified values are obtained 
with the output open. Icc is specified as average current. 
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CAPACITANCE (t,=25°c) 









Input Capacitance (Ao-A10) 
Input Capacitance (RAS, CAS, W) Cin2 
Input Capacitance (PD, PCAS) Cin 
Input/Output Capacitance (DQ 9-DQ7) 
Output Capacitance (PQ) . 

















































































































































































Standard Operation Unit | Notes 
Random read or write cycle time tro 
Access time from RAS trac 3,4 
Access time from CAS tcac 25] ns |3,4,5 
Access time from column address taa 50 3,11 
| CAS to output in Low-Z toz 5 5 3 
| Output buffer turn-off delay toFF | | 15] O 15| 0 20] ns 7 
Transition time (rise and fall) tr 50| 3 50| 3 50| ns | 2 
a 
RAS precharge time trp 
RAS pulse width tras__| 70| 10,000/ 80| 10,000|100/ 10,000 ns |_| 
RAS hold time taco | 20] | 20] | 25) ns | 
CAS hold time tcsH 70 80 100 ns 
CAS pulse width tcas 20} 10,000; 20} 10,000] 25; 10,000] ns 
RAS to CAS delay time trop 20 50| 20 60} 25 75| ns 4 
RAS to column address delay time tRaD 15 35] 15 40| 20 50] ns 11 
CAS to RAS precharge time tcrP 5 5 10 ns 
Row address set-up time tasr 0 | 0 0 ns 
Row address hold time tran | 10 10/ 15| ns 
Coiumn address set-up time tasc 0 | 0) | 0} ns 
Column address hold time tCAH 15 15 20 ns 
Column address hold referenced to RAS| tar 55 | 60 7S] ns 6 
Column Address to RAS lead time tRAL 35 40] - 50 ns 
Read command set-up time tros 0 0 0 ns 
Read command hold referenced to CAS | tracy 0 0 0 ns 9 
Read command hold referenced to RAS | trrH 0 0) 6) ns 9 
Write command hold time twcH 15 15 20 ns 
Write command hold referenced to RAS | twcr 55 60 | 75 ns 6 
Write command pulse width twp 15 15 20 ns 
Write command to RAS lead time tRWL 20 20 25 ns 
Write command to CAS lead time tow 20 20 25 | ns 
Data-in set-up time tps 0 0 0 ns 10 
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AC CHARACTERISTICS (continued) 
















































































KMM594000A-7 | KMM594000A-8 
Standard Operation Symbol Unit | Notes 
Min| Max 
Data-in hold time : toy 
Data-in hold referenced to RAS toHR 6 
Refresh period trer 16 16 | 16} ms 
Write command set-up time twcs 0 | 0 ns 8 
CAS set-up time (C-B-R refresh) tcsr \ 40 10 ns 
CAS hold time (C-B-R refresh) tcHR 30 30 ns 
RAS precharge to CAS hold time trec 10 10 ns 
Access time from CAS precharge tora 45 | 45 | 55|] ns 3 
Fast page mode cycle time tec 50 60 ns | 
CAS precharge time (Fast page) le 10 10 ns 
RAS pulse width (Fast page) trasp 200,000 | 80) 200,000 | 100 | 200,000| ns 
W to RAS precharge time (C-B-R refresh)| twap 10 10 ns 
Wto RAS hold time (C-B-R refresh) ns 














CAS precharge (C-B-R counter test) 





NOTES 


1. An initial pause of 200us is required after power- 8. 


up followed by any 8 RAS cycles before proper 


device operation is achieved. 


2. Viximiny and Vit(max) are reference levels for measur- 
ing timing of input signals. Transition times are 
measured between Vini(min) and Vit(max), and are 


assumed to be 5ns for all inputs. 9 
3. Measured with a load equivalent to 2 TTL loads and 

100pF 10. 
4. Operation within the trRcpimax) limit insures that 

tRac(max) can be met. trcpimax) is specified as a 

reference point only. If trcp is greater than the 11. 


specified tacpimax) limit, then access time is con- 


trolled exclusively by tcac. 
. Assumes that tacp>trRcpimax)- 
. tar, twor, toHR are referenced to trap(max). 


NOOO} 


. This parameter defines the time at which the out- 


put achieves the open circuit condition and is not 


referenced to Vou or VoL. 




















twcs, trwo, tcwo and tawp are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twcs2twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. 


. Either tracy or taRH must be satisfied for a read 


cycle. So4 
These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max) limit insures that 
trac(max) can be met. trap(max) is specified as a 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is con- 
trolled by taa. 
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KMM594000A DRAM MODULES 


TIMING DIAGRAMS 


READ CYCLE 
‘a trc ~— 








baa. 





tap ———} 


|e tRAS _| 
—— Vin- 
RAS 
ViL- \. / | \ 


i 
fo tCSH —| | 


} \ 
tcrP TcRP 
by $$. tR 6) —~——--——_—+-.-______—_ RSH |e —em| 


~~ t 
SAS ViH— CAS 
Vit— 
! 






































tart } —| | 
+d 2 tRAD Taree ; tra. + — 
tasat—-| tran et [—tcan— 
Vite YYWY R VY TITIAN VV V V 
mE ARBRE nstss DRUK SBSREES RSS 
| | {RCH 
tacst-+{ [+— | tne 
wT ARIES oe YX 
cree tOFF | 
bp | fel 





= oe tRAC 
Von— x | 
DQ Vo OPEN MX VALID DATADUT , 


WRITE CYCLE (EARLY WRITE) 
















































RAS 
a tie [77> tcas 
[tan +--+] 
; tasR | tRAH eS tasc tral] can! 
Pe Ef toa | | 
Vin— XXX/ VX L YY ¥ YYW VYYVYVYVYVWYYVWJvVJy_Yy ¥ ¥ 
ee RRR scones DRY sonnets PROT 
| —t tow- _ | 
[p= == + twer -+—_—__-_—_— 
| b= [--——tweH——j | 
w- IVWYYVY YY YY YYY YY YY ——§— twe CA, AAAKAAIW YAY VY 
wT ROO KOO 











| ee 

| Ci are 
vin— AVY YY YY VAY VYVYV YY YY VY YY YY VV 
00a ROQRXOOQOOONL vacoonran OOOO OKO 
[ee re oe | KX DON'T CARE 
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TIMING DIAGRAMS (continued 
FAST PAGE MODE READ CYCLE 








trp 
trRasP ry 
ARS VIH— 
RA Vii— 
tec ice tRSH | 
tcas' tcas tcrp: 
AS Viq— 
CA Vise 
Nand 
paseo 
Vin— — —— YYY 
? Vit— fe aes) CBN Kier OY 
cor 
{RCH 
oe Vin XX XXX KKK XX KY NY RXV KK 
‘ () 
“ ViL— RY tcac y tcac, y Stel 
taa ee ———taa 
tRAC tcpa —a—— tcPa 
Vou— A 7 VALID X VALID 
DQ ae ‘ee DATA-OUT Q) (DATA-OUT DATA.OU —————= 
) toFF toLz| | __ torr, 





teLz 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


t 
trasP ala 
Vip— 
Vit— 








RAS 
tec tRSH 
tcrP , tcas tcp tcas tcp ke _| 
ae i aes ee nia 
| 
Sears ViH— : : : 
CAS 
ViL— i 
tar ftp 


tasr| | trRaH tasc z= tCAH ee Lat : 
Vin— ——— = X) — | = VY 
sv AO 280 FO | os DR 85 DAY | 5 RAR 


[-— tran —+ 
mer [| Wee t two 
twes | WCH WCH 


twcH ; twcs 
ye eee oe 





( XX Bi Y Bw ny Y Y, 
oe OO aN BN AYO 


tos toH tos tbH tos toH 


AE Gis CREED () HEED CRIN NUN 
'DHR KX] DON'T CARE 


=| 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W=Don't Care 








tras 





Vin — 


Vit t- 
tasr 


—"WYVVVV VV) Pl eee ae ee 
A ed WYK ROW ADDRESS OOOO 


tran tap 


torp trec 


DQ ——— ress (PEN 








CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address=Don't Care 


te ees tac 














RAS 
top a toon — trec 
Vin — VYYVYVYYVYV YW#YW#VY vy 
a Vi — OO Oneun 
torr 
DQ ee ) OPEN 


KXY DON’T CARE 
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TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 


= 


DQ 


=| 


DQ 


Vin — hie 
Al 
Viv — 
torp 
Cl tour 
Vin = : 
Vi — 











Es H 
Vin —-“YYY Y VV 

v. OA ROY weeny 
Vin — ee read XXKXMKXKKKKK KY KY 
Vi — OY || VO OOK KX KKK XK 


L\ 


yore) RODOXAX KU OOOXXXKOXXKNOUO) 







torr 
























tran 


toa 
a 

vs \/A/ (x KA/V VV V YY \ AAJ AAJA J)V ¥ VV 
SY) aN err Ne Uneen nen atanlelin atin: 

| RE "ee = ee ee ae 
1», OYA T_ yyy KRY 


ton 
Vin — OVVV\) VYVVVVVYV VV YYVVYYVVVYW{YJ YP PYWYW@YVYYYW@VYVYVY 
ve www ome KAKA MX A RRR AAXRAAN 


tour 
RY DON’T CARE 





ws 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


Vin — tras 


Vi — 
tcsr 
cs CH Ll i, 
Waucc: ‘ 


i =) 
vs — BYXENARXRRAAX RAN SAE KTM CMM RNMN NS 


Be Oui ier ROR 


ae ahs, 
READ CYCLE twp i ms 


E tacu 
RYXXXXXS 
ROK 
teiz 
| Or 
t 
| 






ROY 


DALAL 





we RY 











Vou \) T 
WRITE CYCLE twre - oe 
WT OY NIL KRY 


ton 


Vin ~ 
Da ‘ OPEN ( VALID DATA IN ) 
{| 
RY Don’t CARE 





gs 
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PACKAGE DIMENSIONS 


Units: inches (millimeters) 





3.500(88.90) 


3.234(82.14) 











.133(3.38) R.067(1.70) 
0.125 DIA (3.18) 
8 3 
—_ 5 2g Z 
3 S 8 
OX 7 ) 
alt © N : 
ol2 
fo fo) 
-°) = 
Ss ma 
st 
.080(2.03) _ 
.300(7.62) .070(1.78) .100(2.54) o 
Zs 
2.900(73.66) 8 liza x 
REF S| SIs 
° 


.200(5.08) 
MAX 






Tolerances: +.005(.13) unless otherwise specified 


.054(1.37) 
-047(1.19) 
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KMM5321000AV/AVG DRAM MODULES 
1Mx32 DRAM SIMM Memory Module 
FEATURES GENERAL DESCRIPTION _ 


¢ Performance range: 










KMM5321000AV- 7 70ns 20ns 130ns 
KMM5321000AV- 8 80ns 20ns 150ns 


| KmMs321000AV-10 | 100ns | 25ns_| 180ns_ 


¢ Fast Page Mode operation 

¢ CAS-before-RAS refresh capability 

¢ RAS-only and Hidden Refresh capability 
© TTL compatible inputs and outputs 

¢ Single +5V + 10% power supply 

¢ 1024 cycles/16ms refresh 

e¢ JEDEC standard pinout 


PIN CONFIGURATIONS (Front view) 




































































































































The Samsung KMM5321000AV is a 1M bitsx32 Dynamic 
RAM high density memory module. The Samsung 
KMM5321000AV consist of eight CMOS 1Mx4 bit 
DRAMs in 20-pin SOJ package mounted on a 72-pin 
glass-epoxy substrate. A 0.22uF decoupling capacitor is 
mounted under each DRAM. 


The KMM5321000AV is a Single in-line Memory Module 
with edge connections and is intended for mounting into 
72 pin edge connector sockets. 






























































Pin | Symbol | Pin | Symbol O Pin Name Pin Function 
1_|_Vss 37_|_NC 
2 DQo 38 NC 1 AoAg Address Inputs 
3 DQis 39 Vss DQ o-DQ35 
4 DQ; 40 CASo (except DQg, | Data In/Out 
5 DQi9 41 CAS2 17, 26, 35) [ 
6 DQ2 42 CAS3 Ww : 
7 DOs 13 CAS, eo —_ Read/Write Input 
8 | DQ3 44 | RAS. | RASo, RAS2 | Row Address Strobe 
9 | DQa 45 | NC ane Axe | Column Address 
10 | Vcc 46 | NC CASo-CASs | Strobe 
11 NC 47 W r 
f 12 + Ao 48 NC PD,;-PD,4 Presence Detect : 
13 | At 49 DQg Vec Power (+5V) 
14 | Ap 50 DQz27 
15 | Ag 51 | DQw [| ss Lxound 
| 16 | Aa 52 | DQzs N.C. No connection 
17 As 53 DQ 36 
18 Ae 54 DQg29 Presence Detect Pins (Optional) 
19 NC 55 DQi2 
20 ae 28 Kae - Pin 70ns 80ns 100ns 
22 [ 13 b-—————f§ $$$} 
22 | DQ 58 | DQs PD: | Vss Vss Vss 
| 23 | DQ 59 | Vcc PD2 Vss Vss Vss 
24 DQs 60 DQz2 
25 DQza4 61 DQi4 fe = de ue 
26 | DQ; 62 | DQss PDs | NC | Vss Vss 
27 DQe25 63 DQis * Pin Connection Changing Available 
28 Az 64 DQs4 
29 NC 65 DQis 
30 Voc 66 NC 
31 Ag 67 | PD, 
32 Ag 68 PD2 
33 NC 69 PDs 
34 | RAS» 70 PD, 
35 NC 71 NC 
36 | NC 72 | Vss fe O 
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FUNCTIONAL BLOCK DIAGRA 


0 DQis 
i 0 DQ. i 
= 





O DQig 
oa Boor 

eo 
> De 21 
9 DQ; 

9 DQ22 

0 DQ 
500, 23 

0 DQ24 
= O DQ25 
eo DQ. 
= DQ; 

o DQz27 

0 DQ2. 
ee oan 

9 DQ29 
oa DQ 

O 
spe 30 
ODQ;2 

Oo DQ3; 

DQ tne 

U 13 

0 DQ33 
ODQ14 os 
0 DQis5 eel 
ODQi6 





i To ail 
ve .22uF Capacitor 
pars each DRAM DRAM 
ig | 
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ABSOLUTE MAXIMUM RATINGS* 
































Item Symbol Rating Units 
Voltage on Any Pin Relative to Vss Vin, Vout | -1to +7.0 V 
Voltage on Vcc Supply Relative to Vss Voc -1to +7.0 V 
Storage Temperature Tstg —55 to +150 °C 
Power Dissipation Pp 4.8 W 
Short Circuit Output Current los 50 mA 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta =0 to 70°C) 































































Supply Voltage 
Ground Vss 0 0 | 0 V 
input High Voltage Vin 2.4 | —_ Voc +1 Vv | 
Input Low Voltage Vit -1.0 —_ 0.8 Vv 
DC AND OPERATING CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 
Parameter Symbol | Min | Max | Units 
, KMM5321000AV- 7 — 840 mA 
Operating Current* 
aOR ARE ; eee KMM5321000AV- 8 lect _ 760 mA 
(RAS, CAS, Address Cycling @ tac =min.) KMM5321000AV-10 i. 680 aa 
Standby Current 
(RAS=CAS=Vin) loca _ 16 mA 
| 
RAS-Only Refresh Current* ue COO = Bad ie 
(CAS=Vin, RAS Cycling @ tac =min) KMM5321000AV- 8 Ices = 760 mA 
gids ca Peckakcam KMM5321000-10 | — | 680 | mA 
KMM5321000AV- 7 — 640 mA 
P; * 
RAS. Ge cin sai KMM5321000AV- 8 loca | — | 560 | mA 
ie seibeaticn | KMM5321000AV-10 — | 480 | mA 
Standby Current 
(RAS=CAS=Vcc-0.2V) Ices a 8 mA 
CAS-Before-RAS Refresh Current* puede Ot cs chee oe 
(RAS and CAS Cycling @ tac =min.) KMM5321000AV- 8 Icce _ 760 mA 
yeling nes: , KMM5321000AV-10 — 680 mA 
Input Leakage Current (Any input 0<Vin<6.5V, | a 
all other pins not under test=0 volts.) | Ie eel cee pA 
Output Leakage Current : m 
(Data out is disabled, 0<Vour<5.5V) lor el ee 
Output High Voltage Level (loy =-—5mA) Vou 2.4 _— Vv 
Output Low Voltage Level (lo. =4.2mA) VoL —_— 0.4 V 




















* NOTE: lcci, Iccs; Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as average current. 
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CAPACITANCE (1, =25°C) 









Input Capacitance (Ao-Ag) 


DRAM MODULES 











Input Capacitance (W) 


Cina 


pF 









Input Capacitance (RASo,RASz2) 





Input Capacitance (CASo-CAS3) 
Input/Output Capacitance 
(DQo, 9-16, 18-25, 27-34) 













CDQ, 














pF 















































































































KMM5321000AV-7 | KMM5321000AV-8 | KMM5321000AV-10 
Standard Operation Unit | Notes 
Max | Min; Max | Min; Max 

Random read or write cycle time 150 180 ns 

Access time from RAS trac 70 80 100] ns 3,4 

Access time from CAS tcac 20 | 20 | 25| ns | 345 

Access time from column address taa 35 40 50] ns 3,11 

CAS to output in Low-Z teLz 5 5 / ns | 3 

Output buffer turn-off delay torr 15 0 15] 0 20| ns 7 

Transition time (rise and fall) tr 50 3 50 3 | 50| ns 2 

RAS precharge time trp 60 70 ns 

RAS pulse width tras 10,000} 80/ 10,000} 100 | 10,000| ns 

RAS hold time trsH 20 25 ns 

CAS hold time tcsH 80 100 | ns 

CAS pulse width tcas 10,000! 20]| 10,000} 25/ 10,000] ns 

RAS to CAS delay time trop 50| 20 60| 25 75| ns 4 

RAS to column addressdelay time trap 35} 15 40| 20 50| ns 11 

CAS to RAS precharge time _| torp | 5 10 | ns | 

Row address set-up time tasr 0 | 0 ns 

Row address hold time traH 10 15 ns 

Column address set-up-time [tase 0 0 ns 

Column address hold time toaH 15 20 | [ ns 

Column address hold referenced to RAS | tar 60 75 ns 6 
|Column AddresstoRASleadtime __|tra_ | 35| | 40| | 50 ns 
|Readcommandsetuptime | tacs | 0 0 ns 

Read command hold referenced to CAS | trac 0 0 {0 ns 9 

Read command hold referenced to RAS | trary 0 0 0 | ns 1 9 

Write command hold time twcH 15 15 al ns 

Write command hold referenced to RAS | twor 55 60 75 ns 6 

Write command pulse width twe 15 15 20 ns 

Write command to RAS lead time tRwL 20 20 25 ns 
ats 380 
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AC CHARACTERISTICS (Continued) 



























































NOTES 





1. An initial pause of 200s is required after power-up 


NO 


followed by any 8 RAS cycles before proper device 
operation is achieved. 


. Virqminy and Vit max) are reference levels for measur- 


ing timing of input signals. Transition times are meas- 
ured between Vir(min) and Vi_ (max, and are assumed 
to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads and 


100pF 


. Operation within the tacpimax limit insures that 


trac(max) Can be met. trcpimax is specified as a refer- 
ence point only. If tacp is greater than the specified 
trep(max) limit, then access time is controlled exclu- 
sively by tcac. 


. Assumes that tacp > trcp (maw). 
. tar, twor, toHr are referenced to trapimax). 
. This parameter defines the time at which the out-put 


achieves the open circuit condition and is not refer- 
enced to Vou or VoL. 


10. 


11. 

















KMM5321000AV-7 | KMM5321000AV-8 | KMM5321000AV-10 
Standard Operation Symbol Unit | Notes 
Min| Max |Min| Max |Min; Max 
Write command to CAS lead time tow. 20 25 20 ns 
Data-in set-up time tos 0 0 0 - ns | 10 
Data-in hold time | tox 15 15 | 20 ns 10 
Data-in hold referenced to RAS toHR 55 60 75 ns 6 
Refresh period tRer 16 16) 16) ms 
Write command set-up time twes 0 0 0 ns 8 
CAS set-up time (C-B-R refresh) tcsr 10 10 | 10 ns 
CAS hold time (C-B-A refresh) tour 20 | 30 30 ns 
RAS precharge to CAS hold time trec 10 10 10 ns 
Access time from CAS precharge topa 45 45 55|/ ns 3 
Fast page mode cycle time tpc 50 50 60 ns 
CAS precharge time (Fast page) tcp 10 10 10 ns 
RAS pulse width (Fast page) trasp 70 | 200,000! 80 200,000 |100 | 200,000) ns 
_Wto RAS precharge time  (C-B-R refresh) | twre 10 10 10 ns 
W to RAS hold time (C-B-R refresh) | twrRH 10 10 10 ns 
CAS precharge (C-B-R counter test) topr 35 40 50 ns 








. twos, tawp, tcwo and tawp are non restrictive operat- 


ing parameters. They are included in the data 
sheet as electrical characteristics only. If twcs 
> twcs(min) the cycle is an early write clcle and 
the data out pin will remain high impedance for 
the duration of the cycle. 


. Either tacu or tanH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS lead- 
ing edge in early write cycles and to the W lead- 
ing edge in read-write cycles. 

Operation within the trapimax) limit insures that 
trac(max) Can be met. trapimax is specified as a 
reference point only. If trap is greater than the 
specified trapimax) limit, then access time is 
controlled by taa. 
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KMM5321000AV/AVG DRAM MODULES 
TIMING DIAGRAMS 















































READ CYCLE L 
RC — 
RS NL i i * 
ren ia tcsH = 
ae — tacp-——————= tas#—| tcRP 
a a a Ay 
[- he | 
= trap- EP | tear —-+ — 
tasp +--+ trav — L—tcan— 
in- X¥YVYX YY IWIVVVVVYV YY VY YVYVYYY VY VY Y 
nT ARE torts YRYK —_SBBRES DRS) 
| tRCH 
| | | | 
tacs t+ |_—— | [-=——thaH}— | 
= H- YYVXVYVYVVYVY KY VVV VV 4 WX XY 
Ww Wo RR KY ae. UO 
[= — ee OFF , 
| CLZ | | t 








VoH— KH) 
pe Vo. Soren KX VALID DATA-OUT , 


WRITE CYCLE (EARLY WRITE) 


= tro 





| tap ———-— 
tRas 
















































RAS Vins — 
Vite 
te fe ee 7 
_| 
waar ViH-- 
CAS ae 
tant ; | 
, tasR | tRaH ee tase | tral | 
ae | 
BRN 
| [/-——]- tow. 
a | 
ae pa eee a | 
Vin- YWY YY YY YYYY YY YY A AAAANIY YAY 
we OO LO OOS 








| el 
oe AAQOOOR OY vetoes OA ROY 
Se eee ey Kx cont CARE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ CYCLE 























t 
tRASP — = 
os ViH—- 
RAS Vit— 
one =a ae i 
yi | 
Vin— 
oO 
tar 1RAL 
tasrA] | tray a ha bch: tcaH| 
fe a: —- 
to eos WO MAN KM OREN 
A Vi-~ XX ADD yy ie ADD Laon X ii DUrateneraten 
tRRH 
asl | pias 
RCH trcs tRCH 
mS RRRRRRARYY Ry NY ern 
Ww Vit— XXXXX ) WN tcac y | toac ye tcac 0.0.9, a 
[+~—taa | ta] ————— tar 
trac cece ee topat- —~-— tcPA 
= VALID VALID 
DQ - DATA-OU (' DATA-OUT 
OoL— 
torr tcLz j toFF 





teLz 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


tap 
trasP 
ViH— 
RAS ViL— 


tRSH 


| 
|_tcas tcap — 


































CAS 
« Vit XXX) VV 
Ww Vise Peng XYNY MAY y , 


. SRE OO TE 
| uae KX] DON’T CARE 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W=Don’t Care 


tre 
thas 
Vin — 
Vi — 
tasa 
ae tre 
SISK 


Ae EES nina XK 
Vie — Y 
me Keay 


tonp tape 


‘DQ i OPEN 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address=Don’t Care 





Vie ne 
nes Vii — 
tcp ai tour trpc: 
Via — YYVVVVVYVVVV YS 
oS ae KD 
torr 
co OPEN 


RY DON’T CARE 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 





Vn —"VVN 
A OX ROW 
Vi — AK ADD , 


XY) ysis) ROO OEY 


a 1 as 
Viw — V/V/V VV\/g WV VV VVVVYVVYV VY YYVVYVVVVYWVJYAY 
FREY | RK 


torr 


HIDDEN REFRESH CYCLE (WRITE) 









=| 


Ni 









tre 
RAS tap: 


tre 
t 
RAS Vin — tan tras 
Vit zone 
torr 
ies tour 
=. Vn — 
es oN 
Vio RAD 
ttt 


wh YVV XXX VV NON NM a enna letnceae, 


in AY (Xx VVY 
nN ASIN BBS XI Sones RO RX 
Vin = XXXXXKXXXXY ae aneaeveneeeeven XXXXXXXK) 
TEAK AXX) OX KXKXLX CX 


Vi = x a DIVYA 





=| 


tou 


Vn — RAVVYY) VY VVVVVVVYVYVYVY VV VV VY VV PPV YY YP 
RT (0.00.0, GRRL So prcarircororrnncnnronoannnarnnnnnnennn 


tour 
RY DON’T CARE 
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TIMING DIAGRAMS 6<ontinued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


Vin _ thas 
Vii — 


g tas 
tour 









CAS a - 2 os y, 
Vin = “XXX ain WON fice 
. ve — OG a) iy C5 pAppness OK) ace XXX 
READ CYCLE tne = 
DQ Vou OX VALID DATA andi 
Vo. — 
WRITE CYCLE i eee 
w a iy) RAT | KX KKK Oy 
RY Don’t CARE 
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PACKAGE DIMENSIONS 


Units: Inches (millimeters) 








4.250 (107.95) 












3.984 (101.19) 
R.062 (1.57) R.125 + .002 (3.18 + .051) 










.133 (3.38) 





400 (10.16) 


125 (3.17) MIN 





.080 + .004 (2.03 + .10) 





.250 (6.35) 
R.062 + .004 (R1.57 + 1.0) 





.250 (6.35) 





.250 (6.35) 





3.750 (95.25) 


KMM5321000AVG: DETAIL OF CONTACTS (Gold plating lead) 


.010 (.25) ri i i -100 (2.54) MIN 
Lf ont + .004 (1.04 + .10) 





.200 (5.08) MAX 


KMM5321000AV: DETAIL OF CONTACTS (Solder plating lead) .054 (1.37) 
047 (1.19) 

010 (.25) a i i 100 (2.54) MIN 

050 (1.27) eer 004 (.914 + .10) 


Tolerances: + .005 (.13) unless otherwise specified 
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1MX36 DRAM SIMM Memory Module 
FEATURES GENERAL DESCRIPTION 


¢ Performance range: The Samsung KMM5361 000A is a 1M bitsX 36 Dynamic 
RAM high density memory module. The Samsung 
KMM5361000A consist of eight CMOS 1MxX4 bit 
KMM5361000A- 7 DRAMs in 20-pin SOJ package and four CMOS 1Mx1 
KMM5361000A- 8 bit DRAMs in 20-pin SOJ package mounted on a 72-pin 
glass-epoxy substrate. A 0.22uF decoupling capacitor 
is mounted under each DRAM. 











KMM536 1000A-10 





Fast Page Mode operation 
CAS-befre-RAS silva capability The KMM5361000A is a Single In-line Memory Module 
RAS-only and Hidden Refresh capability with edge connections and is intended for mounting into 


TTL compatible inputs and outputs 72 pin edge connector sockets. 


Single +5V+10% power supply 
1024 cycles/16ms refresh 
JEDEC standard pinout 


PIN CONFIGURATIONS (Front View) 
















































































































Pin | Symbol | Pin | Symbol Pin Name 
1 Vss 37 DQi7 O A A 
2 DQo 38 DQ35 o0-Ag ddress Inputs 
3 | DQis | 39 | Vss DQo-DQ35_|{ Data In/Out 
4 DQ, 40 CASo = ; 
5 DQia re CAS» |W Read/Write Input 
[6 DQ> 42 GAS3 | RASo, RASz2 | Row Address Strobe 
De saile DQ20 43 | CAS: =<= -xa_ | Column Address 
| 8 DQ3 44 | RASo CASo-CAS3 | Strobe 
i] DQo21 45 NC P D 
10 Nec 46 NC resence Detect 
11 : NC 47_| W Voc Power (+5V) 
12 Ao 48 NC 
13 re 49 DQs | Vss Ground 
14 fr Ao 50 DQo7 No connection 
15 A3 51 DQio 
16 | Aa 52 _| DQo2¢ Presence Detect Pins (Optional) 
17 As 53 DQ14 
18 Ag _54 DQ29 
19 NC 55 | DQi2 
20 | DQ, 56 | DQ30 
21 DQ22 57 DQi3 
22 | DQs | 58 | DQs1 
* Pin Connection Changing Available 
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FUNCTIONAL BLOCK DIAGRAM 























DRAM MODULES 


Ao-Ag U 
wo i 
RASo O O DQ) RAS> O O DQis 
CAS, O oa i oe 0 DQ, CAS, 0 HH 0 DQi9 
presg Spe — © DAs 
=z © DQ; 0 DQ:, 
a ames ss 
rT {| 0 DQ; 0 DQ23 
cian 0 DQ 
O DQ¢5 ri 24 
© DQ, O DQ25 
ee pe s F meee a ae 
a ‘ He 
Ao-Ag 
O DQ, 
CAS, 0-1 +] 0 DQ10 
0 DQ); 
0 DQ:2 
0 DQ:3 
| | O DQ14 
0 DQ:5 
ODQi6 
a 

















or — i 
0.22uF Capacitor To all 
under each DRAM DRAMS 

Vss 
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ABSOLUTE MAXIMUM RATINGS* 











Voltage on Any Pin Relative to Vss Vin, Vout —1 to +7.0 V 
Voltage on Vcc Supply Relative to Vss oa Vcc ai —1 to +7.0 Vv. | 
Storage Temperature Ue, Tstg ie —55 to +150 °C 
Power Dissipation Pp 7.2 W 
Short Circuit Output Current los 50 mA 




















* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=0 to 70°C) 







Supply Voltage 
Ground 

Input High Voltage 
Input Low Voltage 































DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 























































Parameter 
: x KMM5361000A- 7 mA 
ee ae Cycling @ trc=min.) peliinee1000% 5° lect ~ vOg0 ms 
: : yern ne : KMM5361000A-10 _— 920 mA 
Standby Current 
=a * KMM5361000A- 7 — 1160 mA 
ORS—V RES Cucina wt eee KMM5361000A- 8! ccs — | 1040] ma 
ee KMM5361000A-10 = | 920 | ma 
Fast Page Mode Current* KMM636 1000A-" 7 = 880 mA 
(RAS=V;., CAS Cycling: tec=min, KMM5361000A- 8} — Icca — 760 | mA 
‘ APS , KMM5361000A-10 —_ Ri 640 mA 
Standby Current [ 
|_(RAS=CAS=Voc-0.2V) ee 7 Le ae 
CAS-Before-RAS Refresh Current* MMS SS 100 Et a Leo: URS 
(RAS and GAS Cycling @ tac=min.) KMM5361000A- 8 loce = 1040 mA 
; KMM5361 000A-10| _ 920 i mA 
Input Leakage Current (Any input O<Vin<6.5V, 2: 
all other pins not under test=0 volts.) he yO" |, “see | ey 
Output Leakage Current tae ~10 10 uA 


(Data out is disabled, O9<VouT<5.5V) 


Output High Voltage Level (lov=—5mA) Vou | 2.4 —| v 
Output Low Voltage Level (loL=4.2mA) VoL _ 0.4 V 
*NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained 

with the output open. Icc is specified as average current. 
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KMM5361000A/AG/A1/A1G DRAM MODULES 





CAPACITANCE (t,=25°c) 









Input Capacitance (Ao-Ag) 

















Input Capacitance (W) Cin2 — 94 pF | 
Input Capacitance (RASo, RAS2) Cina _— 42 pF 
Input Capacitance (CASo-CAS3) Cina — 36 pF 
Input/Output Capacitance CDQ, = 17 oF 





(DQo.7,9-16,18-25,27-34) 
Input/Output Capacitance (DQg,17,26,35) 






































































































apna 
Standard Operation Symbol Unit | Notes 
Min 

Random read or write cycle time 130 150 180 ns 
Access time from RAS a “=| | 100] ns |} 3,4 
| Access time from CAS tcac 25| ns |3,4,5 
Access time from.column address taa oe 50] ns | 3,11 
| CAS to output in Low-Z tiz | 5) | 5] | 8} | ns 3 
ter tnot aay ee [ol v8) of ao aa 7 
Transition time (rise and fall) tr 3 50| 3 2 
RAS precharge time tre Tee ea 70 ns 
RAS pulse width tras 70| 10,000| 80/ 10,000|}100/ 10,000] ns 
[RAS hold time tRSH 20 | 20 | £25 ns 
CAS hold time tcsH 70 80 100 ns 
CAS pulse width tcas 20} 10,000} 20 10,000) 25; 10,000] ns 
RAS to CAS delay time tac 20 50| 20 60 | 25 75| ns 4 
RAS to column address delay time trap 15 35) 15 40} 20 50] ns 11 
CAS to RAS precharge time tore 5 5 10] ns | 
Row address set-up time tasR 0 6) 6) ns 
Row address hold time tRAH 10 10 | 15 ns 
Column address set-up time tasc 0 [| _0 0 | ns ] 
Column address hold time toan | 15 15 20! ns 
Column address hold referenced to RAS| tar 55 heal 75} 6 
Column Address to RAS lead time tRAL 35 40 50 ns 
Read command set-up time trcs 0 0 0 ns 
Read command hold referenced to CAS | trcu 0 0 6) ns 9 
Read command hold referenced to RAS | trrH 0 lo | o| ns | 9 
Write command hold time twcu 15 15| [ 20) | ns 
Write command hold referenced to RAS | twcr 55 i 60 75 ns | 6 
| Write command pulse width twp 15 [ 15 | 1 20 ns 
Write command to RAS lead time tawe 20 20 25 ns aa 
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AC CHARACTERISTICS (continuea) 





KMM5361000A-7 





KMM5361000A-8 





Standard Operation 















































































































Write command to CAS lead time tow. 25 

Data-in set-up time tos 0 

Data-in hold time ton 15 

Data-in hold referenced to RAS tour 60 

Refresh period tre 16 [16 16] ms 

Write command set-up time | twos 0 0 ns 8 
CAS set-up time (C-B-R refresh) tcsr 10 10 ns 

CAS hold time (C-B-R refresh) | tour 20 | 30 ns 

RAS precharge to CAS hold time trrc 10 10 ns 
Access time from CAS precharge topa 45 45 55/ ns a 
Fast page mode cycle time tec 50 60 ns 

CAS precharge time (Fast page) top 10 10 ns | 
RAS pulse width (Fast page) trasp 200,000] 80 |200,000 |100 |200,000| ns 

Wto RAS precharge time (C-B-R refresh) | twap 10 T10 ns 

Wto RAS hold time (C-B-R refresh) twrH 10 10 ns 

CAS precharge (C-B-R counter test) ter [35] =f ao] = [50/ | ns | 














NOTES 
1. An initial pause of 200us is required after power- 8. twcs, tawo, tcwo and tawp are non restrictive 
up followed by any 8 RAS cycles before proper operating parameters. They are included in the data 
device operation is achieved. sheet as electrical characteristics only. If 
2. Vit(min) and Vitimax) are reference levels for measur- twcs2twcs(min) the cycle is an early write cycle 
ing timing of input signals. Transition times are and the data out pin will remain high impedance for 
measured between Vinimin) and Vit(max), and are the duration of the cycle. 
assumed to be 5ns for all inputs. 9. Either tacH or taRH must be satisfied for a read 
3. Measured with a load equivalent to 2 TTL loads and cycle. 
100pF 10. These parameters are referenced to the CAS 
4. Operation within the trcpimax) limit insures that leading edge in early write cycles and to the W 
tRac(max) can be met. trcpimax) is specified as a leading edge in read-write cycles. 
reference point only. If trcp is greater than the 11. Operation within the trap(max) limi’ insures that 
specified trcpimax) limit, then access time is con- trac(max) can be met. trap(max) is specified as a 
trolled exclusively by tcac. reference point only. If trap is greater than the 
5. Assumes that tacp2>trcpmax)- specified trap(max) limit, then access time is con- 
6. tar, twor, toHR are referenced to trap(max). trolled by taa. 
7. This parameter defines the time at which the out- 
put achieves the open circuit condition and is not 
referenced to Vou or VoL. 
Pt 
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TIMING DIAGRAMS 


READ CYCLE 
— trc =| 


























pp tap ——] 
| ‘i tRAS : ie 
sites ViH- 
RAS Vi | | 
tcsH | | 
tcrP| iene 
ad = ee | tone 
CRS Vin— tcas 
Vit— 
Cc ac el eel | | 
; — tRaD aon | tRAL — 
tasr-— trae asi tcan—| 











we YYY V ITI WIVIV/ VY VV YY VV 
mE RRB ABHtss DKSQIK —_SBSREES KEIRA) 
| | | ES 
tacs-+— j=_— | — tarH———| 
wn YYXYXVVYVYVYVY YY VYYVVVye 
NSN a 
———= ey | torr 


CLZ | f 
zal trac : 


WRITE CYCLE (EARLY WRITE) 


[van tre 











3| 














trp ft 
——_________—_—— tras 


tore |}-————treo tasH oe 
—-————— cs — 


tcas 


ane ViH— 
Vit— 


aD 
n 








VIH-- 
Vit— 


S| | 


tRAL 


, tasr rere tasc | Jot a4 | | 
vin~ XX ary Vy PT VY YYAV YYW YY ¥ 
» RAR notes RMI Soonees DRY 
este ate —— | 
ese | i | ——— twoH———| | 
Vin— MIVY YY YY YY WAT AN AN ANAT AN AVANT AN AY AVAY ANA VAY AAV AN, 
00 ROO vav parame ROY RR OO 
CS KX DON’T CARE 


| 
| 
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TIMING DIAGRAMS (Continued 
FAST PAGE MODE READ CYCLE 





trp 








tRASP Faas 
aR Viq— 
RA Vie 
tcsw—— =| ica tec = tRSH 
tRoD tcaset tcas tcrP 
ViH— 
cas Vit— \\ \\ 
tra ——~] 
tasc tcan| 
a ees 
nen a i ae en 
m Vit— ADD x) 0) ADD OX XXX KKK 
; tRRH 
| 
trcs tRCH 
a 
= Vin— KYXKKKKKKY VA NYA XY RXY XY 
Wn RY) ee ae lal 
taa taal ———taa 
ae oe ee —~=—— tcPa 
= VALID X VALID ALID 
DQ a DATA-OUT ('\) DATA-OUT ATO — 
oL— : 
| | : t t 
is torr touz toFF CLZ a. -_ 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 























ViH— 
RAS Vit— 
tcrP | — tcas tcp ee tcp ete TTL tone 
| 
eos ViH— . 4 
a ViL— WW \\ | 
tar |—+——traL_——=4 
tasr! | tRaH tasc ‘exe tasc cos oe eel ee 
Vip— WY (Kj VY VAY CY AIYVY VY 
» a OOK SS YK | Sos DOK S85 RK | S85 ORR 
[trap | | | 
|_____tworf—_{-_—| wen 
se | twcH ion “cs twcs | 
twp 
_ vin— YXXYXXXXXKY Lua y il PN usta warararararaaya’, 
wee ROO RET ROY 
tos | toH tos toH ! tps toy 
vine YYVWVWVVVV y OYVVVVVYy 
Sse 0, QED 0 CED i GREED ANU 





tonn-—_— 


KX] DON’T CARE 
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TIMING DIAGRAMS (Continued) 
RAS-ONLY REFRESH CYCLE 
Note: W=Don’'t Care 


tre 


tras 


IE 600.00 WG 





XKAXKKX 


RAS 
Viv = 
tasr 
Vin VYYVVYYYVYN || _. 
EEA = KE 


tap 


VYYVVWY VV 


OOK 





Vin — 
DQ 4 e OPEN 
CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address=Don't Care 
Pee 
tap 
Vax tras 
ne Vii — 
trec 
tesr 
top tour trec 
Vin — YYVYVY VY YY YVYV VV 
PS ge LK 
twrn 
a, Vin —- ZY ¥ YVYV ¥ ¥ YY YF RV VY VY YW VYAAIVYYV VY AVY YYW VY YW VY YW YYW VV YY VV Y 
We KRY RK KKK KKK 
torr 
ag ) OPEN 
RY DON’T CARE 
| 
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TIMING DIAGRAMS 6 continued) 
HIDDEN REFRESH CYCLE (READ) 


RAS tar 


rT tour 


” oem 
‘CAH 
A Vir eX is COLUMN nail 


Ve AY RoW q ADD ees ADDRESS F OLUMN KAA Ay) 


=| 


yw XX a ae Ooo 






RAS Ve — tras 
na 
tour 
ees Vin — 
GAS 1H 
Vii 
as 


1H 


Vin 


. vie = — XXX iw Tt ny a cc nee Sa My) 
FS mie a Ky 


7. MD) {nom OE LC 


= RY DON’T CARE 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


Vin se 





Vii 


i baa 
CAS 5 ~ Sai 
RRR TERS YK Sats s mat 


UY 


eae ess 


Vi — XXX Aocness 
READ CYCLE twa A 
— Vin — AY —~ _ YYYYYVYYY¥ —~ 
wT RRRRR I TT RRR ORY 


tc 


VALID  VALDDATAOUT 








WRITE CYCLE tone 


we AY 


X smi = LY 


ton 


Vin = 
Da . —_—————- OPEN (| VALID DATA IN ) 
|| es 
Re Don't CARE 
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PACKAGE DIMENSIONS 
KMM5361000A/AG (1Mx4 (SOJ)* 8+1Mx1 (SOW) *4) Units: Inches (millimeters) 
4.250 (107.95) 


3.984 (101.19) 
R.062 (1.57) R.125 + .002 (3.18 + .051) 

























.133 (3.38) 






= 


.400 (10.16) 


.250 (6.35 
125 (3.17) MIN 













KMM5361000AG/A1G: DETAIL OF CONTACTS (Gold plating lead) 
.370 (9.40) MAX 


010 (.25) i i i 100 (2.54) MIN 
.050 (1.27) .041 + .004 (1.04 + .10) 
225 (5.71) MIN 
KMM5361000A/A1: DETAIL OF CONTACTS (Solder plating lead) 


054 (1.37) 
010 (.25) MAX 100 (2.54) MIN 






047 (1.19) 


.200 (5.08) 
MAX 





(The dimensions of this PCB are the same as those of the above one.) 


Tolerances: + .005 (.13) unless otherwise specified 
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2Mx32 DRAM SIMM Memory Module 
FEATURES 


¢ Performance range: 










KMM5322000AV- 7 
KMM5322000AV- 8 
KMM5322000AV-10 








80ns | 20ns 

















© Fast Page Mode operation 

¢ CAS-before-RAS refresh capability 

¢ RAS-only and Hidden Refresh capability 
¢ TTL compatible inputs and outputs 

¢ Single +5V + 10% power supply 

* 1024 cycles/16ms refresh 

e JEDEC standard pinout 


PIN CONFIGURATIONS Front view) 


























































































































GENERAL DESCRIPTION 


The Samsung KMM5322000AV is a 2M bitsx32 Dynamic 
RAM high, density memory module. The Samsung 
KMM5322000AV consist of sixteen CMOS 1Mx4 bit 
DRAMs in 20-pin SOJ package mounted on a 72-pin 
glass-epoxy substrate. A 0.22uF decoupling capacitor is 
mounted under each DRAM. 


The KMM5322000AV is a Single in-line Memory Module 
with edge connections and is intended for mounting into 
72 pin edge connector sockets. 



























































|_Pin | Symbol | Pin | Symbol Pin Name Pin Function 
i f oe | a 1 Ne ‘ O AoAg Address Inputs 
3 DQis 39 Vss | | | DQo-DQ35 
4 | DQ, 40 | CASo except DQzg, | Data In/Out 
5 | DQ | 41 | CAS: |z2e9) | sd 
6 | Ds 42 | CASs Ww Read/Write Input 
7 DQz20 43 CAS —~—- a 
8 | DQs 44 ist [| RASo-RAS3 | Row Address Strobe 
9 | DQa 45_| RAS; =ax axe | Column Address 
10 | Voc 46 | NC Case. | Strobe 
" he ag Ne | PD,-PD, Presence Detect 
13 Ay 49 | DQs Vcc Power (+5V) 
14 ae 50_| DQzr Vss Ground 
15 A3 51 DQio 
16 Ag 52 DQos N.C. No connection 
17 As 53 | DQu 36 
18 | Ae 54 | DQza9 Presence Detect Pins (Optional) 
19 NC 55 DQi2 
20 DQ, 56 Bae Pin 70ns 80ns 100ns 
21 DQo2 57 DQi3 
992 DQs 58 | DQs: 37 PD; NC NC NC 
| 23 DQo23 59 Voc PDo NG NC NC 
24 DQ¢. 60 DQ32 
25 | DQos 61 | DQw is dla Vas 
26 DQ; 62 DQ33 PD, NC Vss Vss 
27 _| DQzs 63_| DQis * Pin Connection Changing Available 
28 Az 64 DQs4 
| 29 NC 65 DQi¢6 
30 Voc 66 NC 
| 31 | As 67 | PD: | 
32 Ag 68 PD2 
33 RAS3 69 PD3 
34 RAS» 70 PD, 
35 NC 71 NC 
36 NC 72 Vss 72 
O 
su 
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FUNCTIONAL BLOCK DIAGRAM 


CASo © 







O RAS, 


RASo © 


O RAS, 





nee Pa eho ces oe 





Ao-Ag © 
Voc 0.22yuF Capacitor To all 
af under each DRAM DRAMs 
Vss O———— $$$ 
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ABSOLUTE MAXIMUM RATINGS* 


























Item Symbol Rating Units 
Voltage on Any Pin Relative to Vss Vin, Vout -1to +7.0 V 
Voltage on Vcc Supply Relative to Vss Vec -1to +7.0 V 
Storage Temperature Tstg —55 to +150 °C 
Power Dissipation Pp 9.6 W 
Short Circuit Output Current los 50 mA 





* Permanent device damage may occur if ‘ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to abso- 
lute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=0 to 70°C) 
















Supply Voltage i 

Ground 0 0 0 Vv 
Input High Voltage 2.4 i — Voc +1 v- 
Input Low Voltage Vv 




















DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 











































Parameter 
KMM5322000AV- 7 — 856 mA 

Operating Current* 

: F KMM5322000AV- 8 l — 776 mA 
(RAS, CAS, Address Cycling @ tac =min.) KMMS5322000AV-10 ad - Bab ih 
Standby Current | 
(RAS=CAS=Vin) loce — 32 mA 
Dxe F: KMM5322000AV- 7 — 856 mA 
Bis only eirest Hen KMM5322000AV- 8 | Ics — | 776 | mA 
(CAS=Vins RAS Cycling @ tie =min) KMM5322000-10 — | 696 | mA 

.s KMM5322000AV- 7 _— 656 mA 
Past rage Mode Current KMM5322000AV- 8 | — Icca — | 576 | mA 
(RAS=ViL, CAs Cycling: tee min.) KMM5322000AV-10 — | 496 | mA 
Standby Current 
(RAS=CAS=Vcc-0.2V) locs — 16 mA 
CAS-Before-RAS Refresh Current* Rese ; ings = she a 
(RAS and CAS Cycling @ tac =min.) KMM5322000AV-10 _ 696 mA 
Input Leakage Current (Any input 0<Vin <6.5V, - 
all other pins not under test=0 volts.) I TERY, 2200 HA 
Output Leakage Current a 
(Data out is disabled, O0<Vout<5.5V) lo. a0 10 HA 
Output High Voltage Level (lon =—5mA) Vou 2.4 — V 
Output Low Voltage Level (lo. =4.2mA) VoL — 0.4 Vv 




















* NOTE: Icc1, Iccs, Icca and Ioce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as average current. 
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CAPACITANCE (tT, =2.5°C) 








Input Capacitance (Ao-Ag) 








Input Capacitance (W) 









Input Capacitance (RASo-RASs3) 








input Capacitance (CAS -CASs3) 





Input/Output Capacitance 
(DQo7, 9-16, 18-25, 27-34) 








































































































































KMM5322000AV-7 | KMM5322000AV-8 | KMM5322000AV-10 
Standard Operation Symbol Unit | Notes 
Min Min| Max |Min| Max 

Random read or write cycle time trac 130 150 180 ns 

Access time from RAS trac 70 80 100 / ns | 3,4 

Access time from CAS tcac 20 20 P 25 | ns |3,4,5 

Access time from column address taa 35 | 40 50} ns | 3,11 

CAS to output in Low-Z tcLz 5 5 | 5 ns 3 

Output buffer turn-off delay torr | 0] 15| 0 15| 0 20 | ns 7 
[Transition time (rise andfall) itr | 3/50} 3| —50| 3| s0| ns | 2 
|RASprechargetime | trp | 50. 60 70 ns 

RAS pulse width tras 10,000 | 80| 10,000 | 100 | 10,000 | ns 

RAS hold time tas 20 20 | 25 ns 

CAS hold time tesH 70 80 100 | ns 

CAS pulse width tcas 20 | 10,000 | 20 f 10,000 | 25} 10,000 | ns 

RAS to CAS delay time taco 20 50 | 20 | 60 | 25 75 | ns | 4 

RAS to column address-delay time trap 35 | 15 40; 20 50 | ns 11 

CAS to RAS precharge time torp 5 10 ns 

Row address set-up time tasr 0 0 ns 

Row address hold time | tRAH 10 15 ns 

Column address set-up-time tasc 0 0 ns 

Column address hold time ; tcaH 15 20 ns 

Column address hold referenced to RAS} tar 60 75 ns 6 

Column Address to RAS lead time tRAL 40 50 ns 

Read command set-up time trcs 0 al ns 

Read command hold referenced to CAS | tacu 0 0 ns 9 

Read command hold referenced to RAS| tary ‘0 0 ns 9 

Write command hold time twcH 15 20 ns 

Write command hold referenced to RAS | twcr 60 75 ns 6 

Write command pulse width twp 15 20 ns 

Write command to RAS lead time trawe 20 25 ns 
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AC CHARACTERISTICS (continued) 



























































NOTES 


1. 


An initial pause of 200s is required after power-up fol- 
lowed by any 8 RAS cycles before proper device 
operation is achieved. 


. Vik min) and Vit (max) are reference levels for measur- 


ing timing of input signals. Transition times are meas- 
ured between Vin (min) ANd Vit (max), and are assumed 
to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads and 


100pF 


. Operation within the tacp (may limit insures that trac 


(max) Can be met. trcp (max) is specified as a reference 
point only. It tacp is greater than the specified 
tacp(max) limit, then access time is controlled exclu- 
sively by tcac. 


. Assumes that trcp <tRcp (max)- 
. tar, twor, toHr are referenced to trap (max). 
. This parameter defines the time at which the output 


achieves the open circuit condition and is not refer- 
enced to Vou or VoL. 





KMM5322000AV-7 | KMM5322000AV-8 | KMM5322000AV-10 
Standard Operation Symbol Unit | Notes 
Min} Max |Min| Max |Min| Max 
Write command to CAS lead time towL 20 20 25 ns | 
Data-in set-up time tos 0 0 0 ns 10 
Data-in hold time toy 15 20 ns 10 
Data-in hold referenced to RAS toHR 60 75 ns | 6 
Refresh period trer 16 16 16| ms 
Write command set-up time twos 0 0 ns 8 
CAS set-up time (C-B-R refresh) tcsr 10 10 ns 
CAS hold time (C-B-R refresh) tour 30 {30 ns | 
RAS precharge to CAS hold time trec 10 10 ns 
Access time from CAS precharge topa 45 | 45 55] ns 3 
Fast Page mode cycle time tec | 50 60 ns 
CAS precharge time (Fast page) | tcp 10 10 ns | 
RAS pulse width (Fast page) trasp 200,000} 80 | 200,000 /}100 | 200,000) ns 
W to RAS Precharge time (C-B-R 
refresh) twre 10 10 ns 
W to RAS hold time (C-B-R refresh) twrH | 10 10 | ns 
CAS precharge (C-B-R counter test) topr 40 50 ns 


8. 


11. 























twcs, tawp, tewo and tawp are non restrictive operat- 
ing parameters. They are included in the data sheet 
as electrical characteristics only. If twcs<twcs (min) 
the cycle is an early write cycle and the data out pin 
will remain high impedance for the duration of the 


cycle. 


. Either trou or tanH must be satisfied for a read cycle. 
. These parameters are referenced to the CAS leading 


edge in early write cycles and to the W leading edge 
in read-write cycles. 

Operation within the trap (max) limit insures that 
trac(max) can be met. tran(max) is specified as a 
reference point only. If taap is greater than the speci- 
fied trap(max) limit, then access time is controlled 
by taa. 








au 
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TIMING DIAGRAMS 














































































READ CYCLE 
RAS 
CAS 
trad rae tRAL | es 
tasr t—tRAH 
wn. YVY¥ TV IIT III IAAI AV VV VV 
enrin y @re BORESS KIRK) 
tRCH 
tacst-| + — | [--——trRH—}-—=| 
wW vi 





WRITE CYCLE (EARLY WRITE) 


VV YX v XK 
XXXXXX -_— X 
t 
. i tcLz | toFF , 
ee trac 
0g Vo OPEN “ty VALID DATA-OUT \ 








RAS 
CAS 
A' = oY YY YY VV Vy 
: ‘ ; OOOO OOO 
| itm 
ie as twoH | | 
Vin~ WIYYYYYYVYVYYYYYYY ie VAAN VY 
wn OOOO OOO 
| pee 


| PY 
Vin— VY YVVVVY VY YVVVV YY VV YY VV VV VY VV AASV 
SS NNN AIIM ONIN ONN 
i aa XX DON’T CARE 
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TIMING DIAGRAMS continued) 
FAST PAGE MODE READ CYCLE 














tRAsP 
Vin 
RAS Vit— 
tcrP 
ie 3 
Sen Viu— 
CAS Vit— 
tasR 
ViH— x) (x — —t () @\\ / COL OXXXKXK KKK) 
ern 0, ee i er 
‘ tRRH 
| 
tres fe tRCH 
Vin— YIVYVVVYVYVYVY V RX YYY 
Vn RY WY ERX 
[tas | 





trac cate Laces 


VoH— VALID VALID 
DQ V DATA-OUT . DATA-OUP?™™™ 
OoL— 
torr i tCLz torr 
eee isc ahem 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 











trp 























































seo tras 
ViH— AN 
RAS ViL— : 
t t aren me _| 
CRP CAS tcp tcas cP CAS t 
trop a pCAS_| |} CRP 
— Vin— , ' 
CAS oe \ \\ | 
tase tRAH tasc i | fens tasc tCAH nec Es j ici 
Vie WY ROW VY COL YX) COL XX) COL XXXYXXXKKX 
sv OOK 285 OK | 885 KK 885 AUK | o_O 
[—— trad —— 
7 Vin— XX YYYXXKYY) i 
a Vit— YOY X 
Vin— SWYYVYYYYY YY v AYYYYYYYX 
- RR} CED enn 









KX] DON’T CARE 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W=Don't Care 


tac 


tras 


RAS y . , 
tasr ' - 
—"TYVVVVV VV [rE VT ATA AAT VAI VINA AAVAVAY, 
10 KOE Row aporess SKE 


SOY w ADDRESS YY WY OLS 


V, —_ Ky 
= ay, 
Vi 
tor trpc 
Vin 


DQ —_[—$—$—$———  ——————___——_0Pin 
Vioe 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address=Don't Care 


tre 





Vin — we 
oe Vii — 
trec 
tesr 
tcp tour trec 
Vin — Y VYVN 
twean 
pa is ¥ > OPEN 
RXY DON’T CARE 
rd} 
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TIMING DIAGRAMS Continued) 
HIDDEN REFRESH CYCLE (READ) 


RAS 
Vi — 
tore 
‘i tour 


CAS 








is 





SREY OEE sees am SOOO NY 
Vin — 47 {ES 
W i TATE CHCUOencn ect edacaaalcnaetanninie 






Ye) Vou— BY 


Vo. — 


HIDDEN REFRESH CYCLE (WRITE) 
SS 


tap-—— tre 


RAS Vin ef tar tras 


tonr 
tour 














CAS hone 

. nn 
i Cod = Le Mnaniy 
oo ait FE 
ro IR =<. CR RORY 
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TIMING DIAGRAMS Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 





tap 

RAS Vin — tras 

Vii — 

tesr tort tas 
tour 

cas CH ai a / 

Vi — N 

= 


Vin — YY VYVYVY YY Y Y YYVY YY YVYVY 
EEN sas HOES 


READ CYCLE ‘wae [ A ies 
Bw pond faa cs 
f torr 
| 


] 
a Ve — Vg YWYVVVYVVVYV Ao VV VVV 
WRAY FT RY ae : uy 
WRITE CYCLE us 


3 WVIVVVVVYVVY al twor VIVVVVVVY YY YY YY 
RE CNN COCO Me KKK KKK 


tos 


tary 








ras 


ton 


Vin has 
se) ¥ ———————- OPEN (| VALID DATA IN ) 
|| Socom 
RY Don’t CARE 
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PACKAGE DIMENSIONS 


Units: Inches (millimeters) 





4,250 (107.95) 












3.984 (101.19) 
R.062 (1.57) 125 DIA + 0.002 (3.18 + 0.051) 













133 (3.38) 





.400 (10.16) 
.125 (3.17) MIN 


1855 (21.72) 


.080 (2.03) 






R.062 + .004 (R1.57 + 1.0) 





.250 (6.35) 


.250 (6.35) 





3.750 (95.25) 





KMM5322000AVG DETAIL OF CONTACTS (Gold plating lead) 


.010 (.25) ai il i 







ieee (8.89) MAX 


.100 (2.54) MIN 





.050 (1. Be Mal .041 + .004 (1.04 + .10) Secsquan 
KMM5322000AV DETAIL OF CONTACTS (Solder plating lead) .054 (1.37) 
.047 (1.19) 
010 (.25) oe || i i 100 (2.54) MIN 
.050 (1.27) see + 004 (.914+.10) 


Tolerances: + .005 (.13) unless otherwise specified 
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2MxX36 DRAM SIMM Memory Module 
FEATURES 


e Performance ——o— 









a 7 70ns 20ns 130ns 
KMM5362000A- 8 80ns 20ns 150ns 


Fast Page Mode operation 
CAS-before-RAS refresh capability 
RAS-only and Hidden Refresh capability 
TTL compatible inputs and outputs 
Single +5V+10% power supply 

1024 cycles/16ms refresh 

JEDEC standard pinout 


PIN CONFIGURATIONS (Front view) 




































































Pin | Symbol! | Pin | Symbol 
1 Vss 37 DQi7 
2 DQo 38 DQ35 1 
3 DQis_| 39 | Vss 
4 [ DQ; | 40 | CASo 
5 DQig 41 CAS2 
6 DQ2 42 CAS3 
r 7 DQ20 43 CAS; 
8 DQ3 44 RASo 
9 DQo1 45 RASi 
10 Vec 46 NC 
11 NC 47 WwW 
12 Ao 48 | NC 
[413 | At 49 | DQo 
14 Ao 50 DQo27 
15 A3 51 DQi0 | 
16 A, | 52 I DQ28 
| 17 As 53 DQi1 36 
18 As | 54 DQz29 
19 NC 55 | DQi2 
20 DQ, | 56 | DQ30 37 
21 DQ22 57 DQi3 
DQ31 


























| 24 DQ6 60 DQ32 
25 DQ24 61 DQi4 
26 DQ7 62 DQ33 
27 DQ25 63 DQis5 
28 AZ 64 DQ34 
29 NC 65 DQié6 
30 t- Voc 66 | NC 
34 As | 67 | PD; 





32 Ag___| 68 PD2 











33 | RAS3 | 69 | PDs 
34 | RAS2 | 70 | PDs 
35 DQz26 71 NC 72 








36 DQs 72 Vss 




















ajenjanjanil 
JOU UL 
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GENERAL DESCRIPTION 


The Samsung KMM5362000A is a 2M bitsx36 Dynamic 
RAM high density memory module. The Samsung 
KMM5362000A ‘consist of sixteen CMOS 1M x4 bit 
DRAMs in 20-pin SOJ package and eight CMOS 1Mx1 
bit DRAMs in 20-pin SOJ package mounted on a 72-pin 
glass-epoxy substrate. A 0.22uF decoupling capacitor 
is mounted under each DRAM. 


The KMM5362000A is a Single In-line Memory Module 
with edge connections and is intended for mounting into 
72 pin edge connector sockets. 
































Pin Name Pin Function 
Ao-Ag Address Inputs 
DQo-DQ35 Data In/Out 
WwW . Read/Write Input | 
RASo-RAS3 | Row Address Strobe 
CASo-CAS3 arta Address 
PD1-PD4 Presence Detect 
Voc Power (+5V) 

Vss | Ground 
N.C. No connection 











Presence Detect Pins (Optional) 


























* Pin Connection Changing Available 
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FUNCTIONAL BLOCK DIAGRAM 


CASp © 





RASo O 














O RAS; 











QO 
> 
n 
o 
O 

















le 0.22yF Capacitor To all 
under each DRAM DRAMs 
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ABSOLUTE MAXIMUM RATINGS* 


—1 to +7.0 
—1 to +7.0 
—55 to +150 


Vin, Vout 
Vcc 


Voltage on Any Pin Relative to Vss 
Voltage on Voc Supply Relative to Vss 
Storage Henberslule 























Tstg 


Short Cicut Output Current he i ee 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional arr 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=0O to 70°C) 










Supply Voltage 
Ground 

Input High Voltage 
Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


= or [oe [ome 


























































































































Operating Current* KMM5362000A- 7 1184 mA 
: Pa KMM5362000A- 8 Ioc1 1064 mA 
(RAS, CAS, Address Cycling @ tac=min.) KMM5362000A-10 944 ar 
Standby Current "| 
(RAS=CAS=Vin) | Ioc2 48 mA 
= 7 KMM5362000A- 7 1184 mA 
ce, pall eels sack KMM5362000A- 8] —Icca 1064 | mA 
Las yO ee KMM5362000A-10 944 | mA 
‘ KMM5362000A- 7 904 mA 
Soe CIE Cdn Sak KMM5362000A- 8] — cca 784 | mA 
I haa i aa KMM5362000A-10 664 | mA 
Standby Current 
(RAS=CAS=Vcc—0.2V) eas |) sma 
CAS-Before-RAS Refresh Current* pesslid ease msheie lid ea ae 
(RAS and CAS Cycling @ trc=min.) KMM5362000A- 8 1064 mA 
; KMM5362000A-10 944 mA 
Input Leakage Current (Any input O<Vin<6.5V, 240 A 
all other pins not under test=O volts.) rE 
Output Leakage Current 10 A 
(Data out is disabled, 0<Vout<5.5V) # 
Output High Voltage Level (lon=—5mA) —_ V 
Output Low Voltage Level (loL=4.2mA) 0.4 Vv 


*NOTE: 





with the output open. Icc is specified as average current. 


Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained 
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CAPACITANCE (t,=25°c) 








Input Capacitance (Ao-Ag) 







































(DQo.7,9-16,18-25,27-34) 













Input Capacitance (W) pF 
Input Capacitance (RASo-RAS3) pF 
Input Capacitance (CASo-CAS3) pF 
Input/Output Capacitance oF | 





























































































































































































Standard Operation Notes 
Random read or write cycle time tre 130 150 180 = 
Access time from RAS tRAC is 70 ao 100 3,4 
Access time from CAS tcac 20 25 ns | 3,4,5 
Access time from column address taa | | 36 50 ae 
[CAS to outputinLowZ st tauz | 5] | | 
Output buffer turn-off delay torr | of 15 | 0 7 
Transition time (rise and fall) tT 50; 3 82 a 2 
RAS precharge time tee | 50] | eo} | 70] ns | 
RAS pulse width tras 10,000] 80| 10,000/100| 10,000/ ns | | 
RAS hold time trsH 20 25 ns 
CAS hold time tosH 80 100 ns 
CAS pulse width tcas 10,000; 20; 10,000! 25; 10,000 ns | 
RAS to CAS delay time taco 50| 20 60| 25 75|ns| 4 
RAS to column address delay time trap 35! 15 40; 20 50| ns 11 
CAS to RAS precharge time torp 5 10 ns | 
Row address set-up time tasr 0 0 ns 
Row address hold time. tRAH 10 15 ns 
Column address set-up time tasc 0 0 ns 
Column address hold time tea 15 20 ns 
Column address hold referenced to RAS| tar ®2 75 ns 6 
Column Address to RAS lead time tRAL 40 50 ns 
Read command set-up time tros 0 0 6) ns 
Read command hold referenced to CAS | trcn 0 0 0 ns 9 
Read command hoid referenced to RAS | trrH ) 0 6) ns 9 
Write command hold time twcH 15 15 20 ns | : 
Write command hold referenced to RAS | twcr 55 60 75 ns 6 
Write command pulse width twp 15 15 20 ns 
Write command to RAS lead time | tRWL 20 20 25/ ns 





oH SAMSUNG 


# Electronics 


413 


KMM5362000A/AG/A1/A1G 


DRAM MODULES 





AC CHARACTEROSTOCS (Continued) 































































































































KMM5362000A-7 | KMM5362000A-8 | KMM5362000A-10 

Standard Operation 
Write command to CAS lead time 20 
Data-in set-up time 0 0 i ns 10 
Data-in hold time 15 20 ns 10 
Data-in hold referenced to RAS 60 75 1 ns 6 
Refresh period tReF 16 16 16| ms 
Write command set-up time twes 0 0 ns 8 
CAS set-up time (C-B-R refresh) tcsr 10 10 ns 
CAS hold time (C-B-R refresh) tour 30 30 {ons 
RAS precharge to CAS hold time trec 10 10 ns 
Access time from CAS precharge tora 45 45 55| ns 3 
Fast page mode cycle time ; tec 50 | 60 ns 
CAS precharge time (Fast page) tcp 10 10 ns 
RAS pulse width (Fast page) trasp 200,000 80 | 200,000 )100 | 200,000/ ns 
W to RAS precharge time (C-B-R refresh)| twap 10 | 10 | 
W to RAS hold time (C-B-R refresh) twaH 10 10 
CAS precharge (C-B-R counter test) 





NOTES 
































1. 


NO 


An initial pause of 200us is required after power- 
up followed by any 8 RAS cycles before proper 
device operation is achieved. 

Virimin) and Vit(max) are reference levels for measur- 
ing timing of input signals. Transition times are 
measured between Viximin) and Vit(max), and are 
assumed to be 5ns for all inputs. 

Measured with a load equivalent to 2 TTL loads and 
100pF 

Operation within the trcp(max) limit insures that 
tRac(max) can be met. trcpimax) is specified as a 
reference point only. If. trop is greater than the 
specified trcpimax) limit, then access time is con- 
trolled exclusively by tcac. 

Assumes that tacp>trRcpimax)- 

tar, twor, toHR are referenced to trap(max). 
This parameter defines the time at which the out- 
put achieves the open circuit condition and is not 
referenced to Vou or VoL. 


8. 


10. 


11. 


twos, trwo, tcwo and tawp are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twcs2twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. 


. Either tacH or tary must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max) limit insures that 
trac(max) can be met. trap(max) is specified as a — 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is con- 
trolled by taa. 
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TIMING DIAGRAMS 





DRAM MODULES 












































READ CYCLE 
bse trc aot 
a trp —— 
—— Vin. tras | 
RAS Vit- | 
tCsH | | 
tcrp ICRP 
Ka trop —| tRSH | — ad 
a Oe, eee ey 
tant ——+ | 
tRaD ; | - tra. — 
tasr tRAH| ——s tCAH 
iw. YYYX VV VV VVVVVYV YVYV VY YY VY VY 
A ARK nbmess DRY SSSR DAKO) 
| | | tRCH 
trces-t+-+{ - — | [> thre} 
= Vine YVXYXVYVYVYVYYYXYY YVY XV XY 
oe RG ROX, 
ie tcLz | torr , 
trac | 
a oe a 





WRITE CYCLE (EARLY WRITE) 





tro——— 








trp 
tras 
are Vip— 
AS a 
Vit— 
tcrp |———trep fase ‘as 
tcsH —| 

TAS Vin— tcas 

Vit— 


[}_$——-— tant ++] te =o 
; task | tRAH | tasc | - es = | | 
. Vin XXA/ VY YWVY VAAAAPAARARAAAALRAYY 
m1 RBAIR. acontss PRIM sooness DOOR 
tcwL — | 


= 
bigest twor -}-—1 | 
pe twox— | 



























we OO ORR 
| Saar eee as tawn————— 
| Fy to 
Vin— WAVY YY YV VV YYVVVVY WY TAAL IAA AALS 
co ROQQQOIOORIOOK_vatwoaran YOY 


-—-——_—____-t J] 
oe XX DON’T CARE 
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TIMING DIAGRAMS continued 
FAST PAGE MODE READ CYCLE 


trasP ee 


tcre tcp 


ped 
CAS Vit— \\ WW 
tasr wen : 
ae 1 CAH 
RR CS EMS ORE 


vi- AA 
tRRH 








tRCH 
| Baek 
= Vip— ¥ (XK XXX ‘ YX “04, RVY ROOS 
w Vn XXXXOXXY Y line ON XY) 
taa tra] ———taa 
trRAC tcpa ————- tcPA 
VoH— ALID X VALID 
DQ ee Qi BaTa-Ou “Wy (DATA-OUT ———— 
\ torr tez]{ tore 
teLz ~ 





FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
| _—______—__—~trase = 


= VtH— 
RAS Vis 
tec tRSH 
trcp a a - Ne tcrP 
ViH— 











ADD =) a y =a ‘ADD 


oo Vit— WN | 
NS 
ane ein el tCAH 

V 

sw QM 580) Ore YM 38t = C3 RR 


f-— trap 
twcs cael = twcH ‘es twcH 
pees vs XX as ; | e xy . 
- REA TA 


. DE Sem 
: Brom 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W=Don’t Care 





tras 


RAS 
Vir — 
SS OKKKKX) oe KKK) 





a YM ROO COI SA NHN 


V, as . 
ms \_/J 
Vii — 





torp tapc 
Da : - —_—— PEN 
CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address=Don’t Care 
tac 
tap 
Vn — ine 
ae Viv s 
trec 
tesa 
tcp tour trec: 
Vin — YWVVYVVVYVYVYV Vs 
ce i EER 
twrH 
ps Vin VY YYVYVVYYY VV RY VV YY YY YYVVVY VY VY YVV VV VV Y ¥ ¥ YY VV VV VV Y 
We RY RECO KK KK RKK 
torr 
Vucn = 
a Vic. — ) oT 
RY DON’T CARE 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 


=| 


DQ 





View — 





Vin — YX XXX yy a si 
1. RR | 


trac 


a (i VALID DATA-OUT ) 





HIDDEN REFRESH CYCLE pecan 











RAS 
Vi — 
i ‘ 
GAS wee ali im 
vs “aaa ze 53 a) 1 — rm OX BRD 
6 SRN a= SON NNNN NNN 
Vin —_ (X \) \/V/ 
Ae oo a PPUnTnnncn enn clin nlean inn nlennuatiin 
= RY DON’T CARE 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


Vie = 


Vi IL 
i 
CAS Vin 
Vi IL 
== 0 OLY 


Hae ae SN a 2 mn 
READ CYCLE twee fl ao 


i ee ae 
wo RRRRRF | TRI ROY Ta Ir RON 
XY VALID DATA OUT 
















WRITE CYCLE twne -) cn 
we WAY NL KOK 
0 BT orn {woo} 
RY Don’t CARE 
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PACKAGE DIMENSIONS 
KMM5362000A/AG (1Mx4 (SOJ)*16+1Mx1 (SOu)*8) Units: Inches (millimeters) 









4.250 (107.95) 


—3.984 10) 


-125 DIA + 0.002 (3.18 + 0.051) 





.250 (6.35) 
125 (3.17) MIN 


R.062 + .004 (R1.57 + 1.0) 


KMM5362000AG/A1G DETAIL OF CONTACTS (Gold plating lead) 


.010 (.25) wef] i i 


.350 (8.89) MAX 






.100 (2.54) MIN 


.255 (5.71) MIN 








.054 (1.37) 
KMM5362000A1/A1G (1Mx4 (SOJ)* 16+1Mx1 (TSOPI)* 8) a 047 (1.19) 


.350 (8.89) 





(The dimensions of this PCB are the same as those of the above one) 


Tolerances: + .005 (.13) unless otherwise specified 
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71MX40 DRAM SIMM Memory Module 
FEATURES GENERAL DESCRIPTION 


e Performance range: The Samsung KMM5401000A is a 1M bits x 40 
Dynamic RAM high density memory module. The Sam- 
sung KMM5401000A consist of ten CMOS 1M X 4 











KMM5401000A- 7 bit DRAMs in 20-pin SOJ packages mounted on a 72-pin 
KMM5401000A- 8 glass-epoxy substrate. A 0.22uF decoupling capacitor 
i ed und h D ; 
KMM5401000A-10 is mounted under each DRAM 
¢ Fast Page Mode operation The KMM5401 000A is a Single In-line Memory Module 
¢ CAS-before-RAS refresh capability with edge connections and is intended for mounting into 
¢ RAS-only and Hidden Refresh capability 72 pin edge connector sockets. 


TTL compatible inputs and outputs 
Single +5V+10% power supply 
1024 cydes/16ms refresh 

JEDEC standard pinout 


PIN CONFIGURATIONS (Front View) 





Pin Name Pin Function 


Address Inputs 
Data !n/Out 
Read/Write Input 
RASo Row Address Strobe 
Column Address Strobe 
Output Enable 
PD;-PD4 | Presence Detect 
Voc Power (+5V) 
i Ground 


N.C. No connection 


Presence Detect Pins (Optional) 





Vss 37 DQig O 
DQo 38 DQe20 
DQ: | 39 | Vss_ 
DQ2 40 CASo 




















































































































Pin 70ns 80ns 100ns 
PD; Vss Vss Vss 

| PD2 | Vss | Vss Vss 
PD3 Vss NC Vss 
PD, NC Vss Vss | 

















* Pin Connection Changing Available 
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FUNCTIONAL BLOCK DIAGRAM 


= 
al> Al 


| 


g 
n 
fo} 








O DQ20 
DQ mn 
O DQo 
Q 
O DQ, eed 
O DQ2 ae 
O DQ3 
OD DQ24 
O DQ25 
oom O DQ26 
O DQ; c 
ee O 27 
© DQ; 
O DQz23 
ae O DQe29 
O DQs 
ay O DQ30 
ae O DQ3; 
© DQ,; 
O DQ32 
DQ33 
O DQ12 x 4 
U DQ34 
2001 DQ 
O DQi14 i. 
O DQis 
O DQ: 
Q 
O DQi6 005 
aban UO ie 
a. O DQ39 
O DQig 





aE 0.22uF Capacitor 
under each BAnM 


To all DRAMS 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Reiative to Vss 


Vin, Vout 


DRAM MODULES 


—1 to +7.0 





Voltage on Vcc Supply Relative to Vss 


Vec 


—1 to +7.0 





Storage Temperature 


Tstg 


—55 to +150 





Power Dissipation Pp 6 
Short Circuit Output Current 50 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=0O to 70°C) 

















Supply Voltage 
Ground 








Input High Voltage 
Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 
























































































Parameter 

Operating Current* KMM5401000A- 7 — 1050 mA 

SAR ATG . : sos KMM5401000A- 8 Icc1 — 950 mA 

(RAS, CAS, Address Cycling @ tac=min.) KMM5401000A-10 = 850 ma 

Standby Current (RAS=CAS=Vin) loc2 _ 20 mA 

———— ‘ KMM5401000A- 7 —_ 1050 mA 

ea, WADE G ee See KMM5401000A- 8] — loca ~ 950 | mA 

oe te eee KMM5401000A-10 = 850 | mA 

. KMM5401000A- 7 _ 800 mA 

IRES—\,, CAS Cyoline: tec=min. KMM5401000A- 8| cca — | 700} ma 

ie Oe eee KMM5401000A-10 es 600 | mA 

Standby Current (RAS=CAS=Vcc—0.2V) locs — h 10 mA 
CAS-Before-RAS Refresh Current* Moe OL OOO Ne Llib ban | 

(RAS and GAS Cycling @ tac=min ) KMM5401000A- 8 loce — 950 mA 

xo das : KMM5401000A-10 — 850 mA 

Input Leakage Current (Any input O<Vin<6.5V, = 

all other pins not under test=O volts.) ihe IL 100 100 ae 

Output Leakage Current (Data out is disabled, O<Voyur<5.5V) lou -10 10 pA 
Output High Voltage Level (lon=—5mA) 2.4 _ V | 

Output Low Voltage Level (lo. =4.2mA) — 0.4 V 











*NOTE: Icc1, lcc3, Ilcca and Icce are dependent on output loading and cycle rates. Specified values are obtained 
with the output open. Icc is specified as average current. 
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CAPACITANCE (1,=25°c) 


Input Capacitance (Ao-Ag) 

Input Capacitance (W, OE) 

Input Capacitance (RASo, CASo) 
Input/Output Capacitance (DQ 9-DQ39) 


























AC CHARACTERISTICS (o°c<ta<70°C, Voc=5.0V+10%, See notes 1,2) 


KMM5401000A-7 | KMM5401000A-8 |KMM5401000A-10 
Standard Operation lain] Max | 
























































































































































Random read or write cycle time trc 

Access time from RAS trac 

Access time from CAS tcac 

Access time from column address taa 

CAS to output in Low-Z tcLz 

Output buffer turn-off delay toFF 

Transition time (rise and fall) tr 

RAS precharge time trp 

RAS pulse width tras 

RAS hold time tRSH 

CAS hold time tcsH 

CAS pulse width | tcas | 20] 10,000] 20] 10,000} 25] 10,000} ns | 
RAS to CAS delay time trop 20 50| 20 60| 25 75| ns 4 
RAS to column address delay time trap 15 35 15 40| 20 65O} ns | 11 
CAS to RAS precharge time tcrP 5 5 a 5 ns 

Row address set-up time tasr 0 0| O ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time tasc me) O| O ns 

Column address hold time tcan__| 15 < 5 20 ns | 
Column address hold referenced to RAS | tar 55 60 75 ns | 6 | 
Column Address to RAS lead time tRAL ius 50 lns| | 
Read command set-up time tracs 20 0 O ns 

Read command hold referenced to CAS | to 0) O 0 [ns | 9 | 
Read command hold referenced to RAS | tary 0 | o| O [ns | 9 | 
Write command hold time twee | 15; | 15 20 lns| | 
Write command hold referenced to RAS | twcr | 55 | 60 | 75 lns| 6 | 
Write command pulse width |_twe 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time tow. 20 20 25 ns 

é SAMSUNG aes 
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AC CHARACTERISTICS (continueg) 



















































































KMM5401000A-7 | KMM5401000A-8 | KMM5401000A-10 
Standard Operation Unit | Notes 

Data-in set-up time tos ns 10 
Data-in hold time tou ns 10 
Data-in hold referenced to RAS toHR ns 6 
Refresh period treF ms 

Write command set-up time twes ns 8 
CAS set-up time (C-B-R refresh) tcsr ns 

CAS hold time (C-B-R refresh) tour ns 

RAS precharge to CAS hold time trec ns 

Access time from CAS precharge tcpa 45 45 55] ns 3 

| Fast Page mode cycle time Titec 50 | 60 L ns | 

CAS precharge time (Fast page) top 10 L 10 ns * | 
RAS pulse width (Fast page) trasp 200,000 | 80 | 200,000 /100 | 200,000 b ns 

W to RAS precharge time (C-B-R refresh)| twp 10 10 ns 

W to RAS hold time (C-B-R refresh) twAH 19 [10 ns | 
CAS precharge (C-B-R counter test) tcp 40 50 ns 





NOTES 


1. An initial pause of 200us is required after power- 
up followed by any 8 RAS cycles before proper 
device operation is achieved. 

2. Virimin) and Vit(max) are reference levels for measur- 
ing timing of input signals. Transition times are 
measured between Vir(min) and Vit(max, and are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 
100pF 

4. Operation within the trcpimax) limit insures that 

tRac(max) Can be met. trcpimax) is specified as a 

reference point only. If trcp is greater than the 

specified trcp(max) limit, then access time is con- 
trolled exclusively by tcac. 

Assumes that trcp2trcp(max). 

tar, twor, toHR are referenced to trap(max). 

This parameter defines the time at which the out- 

put achieves the open circuit condition and is not 

referenced to Von or VoL. 


NO ON 





10.” 


11. 

















twcs, trwo, tcwo and tawp are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twcs2twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. 

Either tac or taro must be satisfied for a read 
cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max) limit insures that 
trac(max) can be met. trac(max) is specified as a 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is con- 
trolled by taa. 
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TIMING DIAGRAMS 














READ CYCLE 

Yi: tRAS trp 
RAS vee ee 
ay, Se VES tons Fay 
CAS Vi — tab aa 

IL tasR tRAH wsch] ica 

Co tcaH 
A WT OCG RaBress KOCK SBMS WOOO OOK 
-tRCH 

vs PRR RRR RY TARR PRR RRR RRR 

w We CORY) bed nin 
tAA : 

I4#— VY\ADMAA/\VYVY/VY\A AAA AASV toca MWAAA/,/YVAAAAASAAALANAAA AY 

ce IRR NAo~|_ERUBNRRRTORTRRRUNURNORIOI 


toac torr 


tRAC 


NO peta OPEN XY VALID DATA-OUT 
DQ X 
VoL— 3 


tc 
WRITE CYCLE (EARLY WRITE) 





























fn enue =] 
= tRAS — tRP 
RAS a i igi | 
Vit— 
. tcsH , — Jo tcrP | 
CRP 
| |e trop tRSH — 
t } | 
CAS ViH— CAS 
2 Vit— t= tRAD 
tasc 








tasr tRAH tcaH 





VV VY V/V YVS/VVVVV VY VVVV 
SK KKK 


| 
» em OREN cores X//)X_ coun aooness_X RN AANA 


twos 


























twoH 
Viq— IITA twp ~aVavavavavaavalavavavaravaatala’atava“aVavaVaval, 

W Cu MNnninn: RRR RRR 

-— : ~— 

H owe eel 

ae ViH— WAAAY YY V VV V YO VO YOY 
OE Vie TY RRR 

= tDHR 

tps tpH 





i a 
tH 


DQ Vi—- (| VALID DATA-IN J OPEN 


Xoo CARE 
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TIMING DIAGRAMS continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 








L tRAS — tre 
Vin 





RAS 
Vit— 


fo tCsH — 





tcrp 
— trcD — be a 
— Viq— 
vir | KH trap = 
tasR | } traH tRAL 


— VY VVV VVVVVVAVJ/Y V VV 
KXAN KKKRAXXXNNY 

















Vip— RIVIVV VYYVYVVYY 
A vn SEO RIK Rothess ZX SEL _ SOYA, 


tew. —-— 


tawu——] 


























_ LTT etv a¥alaaValaVaavaavavavavalaVaVavavavavalavavata (KIAIVIV VV VO OV OO 
: va AXXXERRAXYY RK KXAXXXXN ME SRL RRA RE 
toEH 
or ViH— (YX XXKXKKKKKKK KKK RL RKRKRRRK KK KKKKKKKKKKK KKK KK) 
Vit— .9,0.9,0.9,0:0,4.9.6.9,0.0.0.6.0,9 OOO OOK KKK KKK XK XK KKK KX XXX 
toH 
Ving — CAI VVUVVV MASTS VYVVVVY VV VY VYVV VY VV 
ba a BKK vaio Daraan XRAY KXXK KX 
READ-MODIFY-WRITE CYCLE 
— trwc 
j— tras trp 
ViH— 
RAS Vit— = _] 





bo tcsH = 
tore : 
trop tRSH tcrP 
an Vin— 
CAS : \ \ tcas a, 
Vit— : : 
tasr | |tRAH tasc “tCAH 





















































































| L! 
Vip— AKAFRO a, \) - VY YWVVYVYVJYVW¥VWVW°®¥°¥V YPYV/VYYYWYWVVYVYVWVYWVYY 
. view MepR ADDRESS KL RDDRESS DOOR YS KRY 
trad emma tcwp tCWL 
_ a tRwD tRWL-——4 
w ViH— ° OAIVVYUVVV VV VY YX 
ne Sie SYK RAK 
wet, Vin— FAA OV AAAI VY 
oe Va RAK 
t= tcac 
ViioH — YORI YUU VYV 
oie LMI, 
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TIMING DIAGRAMS Continued) 
FAST PAGE MODE READ CYCLE 

































































































trase a ijt 
RAS ViH— N sfifhtes =e) 2 
Vit— 
sernea tRSH —=4 IcRP 
CAS es tcas { / 
L— 
tRAL _———] 
taxa eo tasc| | tcaH 
el a 0 a 
ViH— TYRASROW SAY OMN NAKKYKKAL COLUMN SAXYKRKRY COLUMN WYYYXYV YX X 
A oe RROD ROK 2B5RESS KQQRROX_aooness KNOY AbDness PRK EKKY 
w Ve RY V V A 55% 
taaA——4] taa——4 
= : Vin- RV UYVVUVYYY VY OV WARAKA/Y {tOEA rYYVY omy (OFA YALA VV 
OE st BEI | RR RN | AYR | ASRS 
(hae Ee torr 
tcLz 
fe 2] [oa a 
Vices LYN DATA-OUT, /) DATA-OUT, /y ATA-OUT 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) " 
, tRASP — 
RAS ie , taR— 
| tec t 
tcrp inene ice i aT tcrpe 
one Vin— 
CAS tcas /] 
Vit— b 
tRAL b—| 
WH VV ROW x VY VV VVVVVV 
: vi KAR ABD AY RKO SERB, NRXKXNAXN 
DALY) n OXXXXXXXK 
; town. 














Lo tRWL —H 











































































= vin— 7YXYXKYXKK YY) we WVYVY VVPYVY\ WIIIVVYVVVYVVYV 

wT ARAL TP SONATE ORY SRY) 

= Vin—- 0404644 RXKK KAKO YYAAAAVRRAAVVYYMVWAVYVYVYYVVY 7 YYYYVVYVY V/V VVVV VVV 

oe Vien RRR RRO ARNO K Rx ROR RK KRY KROME ROKK RY 
mee toH too 

VoH— YYKX XX YY vi VA i " LYN V, YY KK XKXKKK 

po vor AYO. arein DY ORR 





KX DON'T CARE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ-MODIFY-WRITE 








trasp — 
ViH— 


Vi- 
tRSH 
C __ 
irae : i. 


RAS 








CAS Vi 








Sor) BRO EK 


| + trwi—| 












aa tow. 


a tawD 
twp — 


t— toca 





=| 
< 






































DQ ViiOH — 
Viol — 





ix DON’T CARE 
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TIMING DIAG RAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don’t Care 

















ie tro 
RAS ViH— 
Vit— 
Vip— POY, RR EAS IORI OAR AA 
: vu DORN Row aooress_ OOK RRRRRKRRR 
CAS ViH— 
Vit— 
— tcrp trec 
Vin— 
Da (EN 
Vit— 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: OE, Address = Don’t Care 


tRc 


trp 
Vip— 















RAS tras” 
Vit— 
tRPC 
tcp tcsr trRec 
aes 
ViH— WIV A,AA/YVVYYV/V/VVY9 
Br qe BKK RD 
twRH 
ViH— YVSAASJVYV AAAAAA AAA AAI AAA AAAAA AAAI AAA AAA AI 
W Vim XY CRRA KKK KK KKK KKK 
torr 
ba i a h OPEN 





Rey DON’T CARE 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
































































































RAS oe - tAR = 
7 fs CRP - t= -- TROD -.--+——-.— TRSH | 
CAS hs |_ tran _| 

Vin TX \Frow Ai cotumn MVYKYVYKVY KKK KVL KVV KKK KY 
mA RIA SSBHHSS DSSS XR ON) 

; | twre—-| md 

VIH- VV ee r sa a YVY VV VVV/VY "4 
i" vi | SNARK OK 
i Vid FOTIA ATI | OAVVV VV KY VV YY 
aE wae RRC BBS A NKR AKK KLE 
DQ 





HIDDEN REFRESH CYCLE (WRITE) 
pe —--- —-——- tac ---— 
























































; SSUES mone tRCH ie 
| -4———---— tras = = = tap- | —- trP- a 
ne {CRF 7] — trop : —_— — tcHR— 
tase - bepoa ae ioaH 
A Vip— YAY ROW \/ COLUMN MV VV VY YY YY YY YY VV VV VV ¥ VY YA VY VY 
vi QOXEBS PKI SORES DAKAR RAK RAR 
| twos — L-_twen 4 twrp twRH 
W Vit— FAAKAAAYY twp OVYVS ee WVYVVVUVYY VV YY VY YY VV VV 
sw NOR RRR KY NER RK 
| | 
Laas Vie YAP PVYVYVVYVPVVYVY VV VW YY Vy VV YY YV YY VY YVVY VY YYYV YY 
Fc RRR KKK KKK RRR 
Vie-— DAA IVY VV A/V V VAAL A/ 
mo KY) GCE 










= a z [a qoow care 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 







|—_trp 




















RAS Vin-- ee tRAS 
Vit— 
CAS we \ tcas / ff 
ie _ —— 
vi BRRYN) i XXY = CUmManennecaene eee KN 
rH ERRNO es WY WRN QO) 
Vin YX RXX XXX 
Ww Vit— SY a OW SXTIRNF 16040 Wn 
\/ V/ YVV X) 
Fen IRS ‘es ex WY ioe BQO 
iB torr 
po You OPEN AQ vat oatacur 
WRITE CYCLE IGE wists 
Wey ER ee — a ean 
pa oe XX XX Bm XY XX RAY Woe XX XX XX AXYY 


DQ 


Vip— 
Vit 


READ-MODIFY-WRITE 


3| 


DQ 


vm RRR 


Vit— XX XX 


Vin— (\ 


Vit— OX YY YX 


VoH— 
Vo_— 


oy 







—~ta 


EY TUT, 


VALID 
DATA-OUT 






EA 
tDH 
tcLz ig 





y 





DOOR 


tcac 








A 


Nae, DON'T CARE 
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PACKAGE DIMENSIONS 


Units: Inches (millimeters) 







4.250 (107.95) 









3.984 (101.19) 
R.062 (1.57) 











.133 (3.38) .125 DIA + .002 (3.18 + .051) 


.400 (10.16) 
125 (3.17) MIN 


.080 (2.03) 


.250 (6.35) 


250 (6.35) 





R.062 + .004 (R1.57 + 1.0) 








3.750 (95.25) 
KMM5401000AG DETAIL OF CONTACTS (Gold plating lead) 


.200 (5.08) MAX 
.010 (.25) MAX +f] I i .100 (2.54) MIN . 


BR .041 + .004 (1.044 .10) 





.050 (1.27) 


.054(1.37) 
-047(1.19) 


KMM5401000A DETAIL OF CONTACTS (Solder plating lead) 


010 (.25) aol i i 


ta + .004 (.914 + .10) 






.100 (2.54) MIN 


Tolerances: + .005 (.13) unless otherwise specified 
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2MxX40 DRAM SIMM Memory Module 
FEATURES 


¢ Performance range: 





Pd te | tne | te] 
kwiMs4020008-10 | 100n8 | 26n= | 180 | 


Fast Page Mode operation 
CAS-before-RAS refresh capability 
RAS-only and Hidden Refresh capability 
TTL compatible inputs and outputs 
Single +5V+10% power supply 

1024 cydes/16ms refresh 

JEDEC standard pinout 


PIN CONFIGURATIONS (Front View) 





























































































































GENERAL DESCRIPTION 


The Samsung KMM5402000A is a 2M bits x 40 
Dynamic RAM high density memory module. The Sam- 
sung KMM5402000A consist of twenty CMOS 1M x 4 
bit DRAMs in 20-pin SOJ packages mounted on a 72-pin 
glass-epoxy substrate. A 0.22uF decoupling capacitor 
is mounted under each DRAM of front side. 


The KMM5402000A is a Single In-line Memory Module 
with edge connections and is intended for mounting into 
72 pin edge connector sockets. 






















































Pin | Symbol | Pin | Symbol Pin Name | Pin Function _| 
2 DQo 38 DQz20 1 ress Inputs 
3 | Da, | 39 | Vss DQo-DQ39 | Data In/Out 
| 3 Bae + . ee WwW Read/Write Input 
| 6 | DQ, | 42 | NC RASo.1 Row Address Strobe 
7 : DQs 43 eae CASo.-1 Column Address Strobe 
[ ; 5a + 2 RAS, OE Output Enable 
10 | Vcc [46 | DQa | [| PD1-PD4 | Presence Detect 
11 NC 47 W 
ae Ao I 48 T Ves 4 Voc Power (+5V) 
13 | Ay | 49 DQz22 Vss Ground 
14 Ag 50 DQzs No connection 
15 | As [51 [ DQs 
16 As 52 DQos5 
17 As 53 DQ2 | 36 
18 As | 54 DQo7 
19 | (= 55 | DOs | 
21 L D 2 | 57 00m |! [| 
21 DQg 57 DQsz0 37 
| 22 DQi0 58 | DQs: 
23 | DQn 59 Voc | 
| 24 DQ 42 60 | DQg2 
2 oo i oe * Pin Connection Changing Available 
27 | Dds 63 | DQss 
28 Az 64 DQzs6 
29 | DQie | 65 DQs37 
30 | Vec 66 | DQse 
31 | As 67 | PD, | 
32 Ag 68 PDe2 
33_| NG | 69 | PDs 
34 NC 70 PD, 
35 DQi7 | 71 ‘| DQs39 
36 DQis 72 Vss 72 O 
P+ 434 
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FUNCTIONAL BLOCK DIAGRAM 


AS, 
oO RAS, 














DQ; 
DQ, 























0.22uF Capacitor 


under each DRAM To all DRAMs of front side 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative to Vss Vin, Vout —1 to +7.0 
Voitage on Vcc Supply Relative to Vss Voc —-1 to +7.0 














Storage Temperature Tstg —55 to +150 





Power Dissipation Pp 12 
Short Circuit Output Current los 50 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 








RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=0O to 70°C) 









Supply Voltage 











Ground Vv 
Input High Voltage _ Vec+1 Vv 
Input Low Voltage V 

















DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 

























































Operating Surent’ mies o000K: ; leas E 970 | mA 
(RAS, CAS, Address Cycling @ tac=min.) KMM5402000A-10 = 870 ak 
Standby Current (RAS=CAS=Vin) loce — 40 mA 
eee 3 KMM5402000A- 7 — 1070 | mA 
haan Heke Cae fecal KMM5402000A- 8| — Iccs - 970 | mA 
seicdatiiac KMM5402000A-10 = 870 | mA 
F KMM5402000A- 7 a 820 | mA 
S— CHS Cycling. | i KMM5402000A- 8} loca — 720 | mA 
oor KMM5402000A-10 = 620 | mA 
Standby Current (RAS=CAS=Vcc—0.2V) loos ee 20 | mA 
CAS-Before-RAS Refresh Current* RM ST Oe DUK st a Lethe a 
AKG and CAS Cycling @ taczinin’ KMM5402000A- 8] Icce i 970 | mA 
eae ne KMM5402000A-10 = 870 | mA 
Input Leakage Current (Any input O<Vin<6.5V, _ 
all other pins not under test=O voits.) Ie 00 200 HA 
Output Leakage Current (Data out is disabled, O<VouT<5.5V) 
Output High Voltage Level (loo=—5mA) 





Output Low Voltage Level (loL=4.2mA) 





*NOTE: Icc1, Icc3, Icc4a and Icce are dependent on output loading and cycle rates. Specified values are obtained 
with the output open. Icc is specified as average current. 
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CAPACITANCE (1t,=25°c) 


Input Capacitance (Ao-Ag) 









Input Capacitance (W, OE) 





Cin2 





Input Capacitance (RASo-1, CASo-1) 


| 


Cin3 








Input/Output Capacitance (DQo9-DQ39) 



























































































































































Standard Operation 
Random read or write cycle time \1 
Access time from RAS tRAC 70 80 it 100] ns 3,4 
Access time from CAS tcac 20 20 ‘ie 25 3,4,5 
Access time from column address taa 35 al 50} ns } 3,11 
| CAS to output in Low-Z tz | 5 5 5 ns| 3 
| Output buffer turn-off delay torr 0 15| 0 20| ns | 7 | 
Transition time (rise and fall) tr 3 ara) 50| 3 50| ns | 2 | 
RAS precharge time tre 50 70 
RAS pulse width teas | 70| 10,000] 80| 10,000] 100 ns 
RAS hold time thst 20} __{ 20} __|_2s]_| ns 
CAS hold time tcsH | 100 ns 
| CAS pulse width tcas | 20| 10,000] 20] 10,000] 25] 10,000] ns | _| 
RAS to CAS delay time trop 50 20 | 60| 25 75] ns 4 
RAS to column address delay time trRaD 40} 20 50! ns | 11 
|CAS to RAS precharge time torp | 10 ns 
Row address set-up time tasr @) ns 
Row address hold ‘time i tRAH i 15| _ ns 
Column address set-up time tasc st 0} ns 
Column address hold time tcaH 20 ns 
Column address hold referenced to RAS| tar : | | 75 ns 6 
Column Address to RAS lead time tRAL 50 ns 
Read command set-up time trcs 0 ns | 
Read command hold referenced to CAS | traci 0 ns 9 
Read command hold referenced to RAS | trrn 0 ns 9 
Write command hoid time | twcH | 20 ns | 
Write command hold referenced to RAS | twcr 75 ns 6 
Write command pulse width twp 20 ns 
Write command to RAS lead time tRWL 25 ns 
Write command to CAS lead time tow. 20 20 25 ns 
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AC CHA RACTERISTICS (Continued) 













































































NOTES 





KMM5402000A-7 | KMM5402000A-8 ———— 
Standard Operation Symbol 7 Unit | Notes 
Min{| Max |Min} Max /|Min! Max 
Data-in set-up time tos {0 0 ns 10 
Data-in hold time [tos 15 20 ns | 10 
Data-in hold referenced to RAS toHR 60 | 73 es 6 | 
Refresh period trer 16 16; ms 
Write command set-up time twcs 0 0 ns 8 
CAS set-up time (C-B-R refresh) | tos” 10 | 10 ns 
CAS hold time (G-B-R refresh) __| tone 30 30 | ns C 
RAS precharge to CAS hold time trec 10 | [10 ns 
Access time from CAS precharge topa 45 e 55 cal 3 
Fast Page mode cycle time tpc 50 | 60 [ns De 
CAS precharge time (Fast page) top 10 10 | ns 
RAS pulse width (Fast page) ! trasp 200,000 | 80 | 200,000 |100 | 200,000 "al 
W to RAS precharge time (C-B-R refresh)| twrap 10 in | io ns 
W to RAS hold time (C-B-R refresh) twrH : 10 10 = ns 
CAS precharge (C-B-R counter test) tcp 40 50 ns 




















1. An initial pause of 200us is required after power- 8. twcs, tawo, tcwo and tawp are non restrictive 
up followed by any 8 RAS cycles before proper operating parameters. They are included in the data 
device operation is achieved. sheet as electrical characteristics only. If 

2. Vin(min) aNd Vitimax) are reference levels for measur- twcs2twcs(min) the cycle is an early write cycle 
ing timing of input signals. Transition times are and the data out pin will remain high impedance for 
measured between Vix(min) and Vit(max), and are the duration of the cycle. 
assumed to be 5ns for all inputs. 9. Either tac or tar must be satisfied for a read 

3. Measured with a load equivalent to 2 TTL loads and cycle. =z 
100pF 10. These parameters are referenced to the CAS 

4. Operation within the trcpimax) limit insures that leading edge in early write cycles and to the W 
trac(max) can be met. trcpimax) is specified as a leading edge in read-write cycles. 
reference point only. If tacp is greater than the 11. Operation within the trap(max) limit insures that 
specified trcpimax) limit, then access time is con- trac(max) can be met. trac(max) is specified as a 
trolled exclusively by tcac. reference point only. If trap is greater than the 

5. Assumes that trcp>trcpimax). specified trap(max) limit, then access time is con- 

6. tar, twor, tpHR are referenced to trap(max). trolled by taa. 

7. This parameter defines the time at which the out- 
put achieves the open circuit condition and is not 
referenced to Vou or VoL. 
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TIMING DIAGRAMS 





READ CYCLE 
tro 
7 Vin= tras trp 
RAS Vii— 


tar 
t Lal 
= = a ef 
tcas 
“(UY \A Ay, Nis 
Vit— t 
ASR 





tCAH 


a 
mice SK RBBces KAN SSUES ARRAS ARRAN) 
ae 





YYYXYXY 


=| 


EE | OE 
= VMN AV WVYVVV YY VV VV VV YY VV YY DV 
SRT NN rua Mainnuuie, L SSAAKASXXAANIXXXNKKAKSE 


toac torr 
tRAC aaa 






























= i) 
rr (PEN ( VALID DATA-OUT } 
S uate teiz KM 
WRITE CYCLE (EARLY WRITE) 
1 cee 2 a ~-tao--—-— | 
tras — tre — 
aeee Vin— tar 4 
RAS Vv 
IL— 
t — t — 
ica ‘CSH — CRP 
trcD tRSH 
= Ss ViH— tcas — 
CAS Vi- tab 
tasR si tRAH ASC tcAH —— 











Vip— AYWVAVY WIIVVVVV WIVVUV IVY VV VVY 
vam ARAM aoomess//)K_cotumn aooness KAKA CK aR KK 
































twes wen 
- Vin— YOVIVVVV VII ‘we IIE IEA IARI AATRAARARAIS 
w Ven OR BRR KRY 
I ae eat | _ 

_ ViH— PYIVVVV VV VV VY VV YU OY YY 
TONS CC UCa cases oa so atatctutctalalammamnuamincnuanuns 

tbHR 

tos jo 

a 


ViH— 
a Vit— 4 VALID DATA-IN 9 OPEN meee 
Xx DON'T CARE 
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TIMING DIAGRAMS continues) 
WRITE CYCLE (OE CONTROLLED WRITE) 












































































aBy tre 
fees — tRAS —_ tre—-— 
gene Viq— tan 
RAS Vi 
— tcsH — —— 
tcrp 
— tRcD tRSH t =| 
—— Viq— 
5 Vit— 44 tab pes \\ — {__/ 
tasR | |traH tRAL — 
| I] CAH 
Vis— WYVVY 77a %s¥a¥aVaaT aaa avavaalavavalavavavsVavavavavavay,¥, 
A vi KXYXRXX, ABBhess WYK xnonees ORIYA 
— tcwL —--4 
SS hw 
_ Vie— VV VVVVVV VV VVVVVVVVVVVVVV (VV VV VVV VY VVVVY YY VVY YY VVYVV 
: va OKRA YX KKXXAYND RNY ALLA AAXYRKAKANKK 
oy Vip— AVIV ADVI TD AV AMI V VN AASV VV VIVO VVV/V 
= Vem OXY RXR KKK KKK KX RXR 
7 tbH 
Vin— VVVVVV PASI VV VV UV VV VY VV VY VV VY VVUVY 
= os CK. vatio oarain KYRA 








READ-MODIFY-WRITE CYCLE 








































































































= tRwo 
t tre 
o eae - = RAS 
Vit— 
t tcsH =| 
cial tracp tRSH tcrp 
CAS ViK= - \ CO tcas {| 
Vit— 4 
igs tRAH tasc 
Vin— ANAS BOW VV) AY K KV KKK KKK KKK KKK KKK 
; rn PR aooress KYM Rooness _ ANNAN KX KKK XY 
e trap = ave towo a | Pe tcwl—— 
= —~ tRWD —| p= tRWE 
Ww Vie—- ASV VVVV VVVV\ VY 
One a KKK 
_ Vip—- DIYOVYVVYAA/IVYVWWVV/YVYV Y 
OE Va KK = 
ViioH — MAK KAAIYYVYVYVIVVV VV 
eo sane MO OMOGen 
CLZ 











no DON’T CARE 
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TIMING DIAGRAMS ccontinued) 
FAST PAGE MODE READ CYCLE 


















































L_ ; tre 
a Vax - —— TRASP trHce eee | 
RAS - tar - 
Vit— 
tec 
tonP| | ieap a aaS tRSH TcRP 
—— Vin— t : 
ons “a . ame Prey 
tcsH tRAL 
tien tRAH ee 'CAH tasc| | tcaAH 
boil | [Reece a aS 1 ae ] 
Vid IYRFROW LAY COLUMN MAKKKKAY COLUMN PRYRKRKRY/ COLUMN WYXKKRK KKK? 
A vy, ORM. ADD JRRYM XBbRESS AN YAXX xooress KXMXYKK. aooness MK) 
t 
W ve RY VW | y 0% 
taa ——— taa—4 
toeA toa 
es Vin—- YYY KK XV KX XK XXX) “a, WV |! XY YVYWVYYY) YYVV VYVY/V/YV 
OE Vi RK KKK | RRO ARN | ARR 

















[— trac torr 
















































































































































































toLz ee = toez . 
VoH— PN IT v, 
pa ves OX baraourp——Y varwoury—{_bataour } 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) a 
trasp — 
mt 
CAS ie \ tcas 
ral 
. vie noonees YK) 
ae Vip— YYYYYYVYYVYYX) ASSS//VVVVVA/Y 
Ww Wee RA LOY 
ha Vi ARRRXRRKRRR ERR KR R RR ILIV KKK RRL 
OE Vi DBR RN KR YH AY RR RRR XR KBAR KCC 
{ 

Vou— VYYYYVYX) UV/VVV SVA/\\) WIAA JSAP 

poo RY XX GS. CALAN 










kX DON’T CARE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ-MODIFY-WRITE 





































anes Vin— 
RAS Vi 
tcsH 
tprwc 
tcas 
pane Vin— 
CAS Vi— 
tasr\ 

A ve 

L— 

+ tawe 
tcwo 
tow. 
e Vin— XY XK 
ss “= OX tawo \ 
twe — 
t— toca | 
= Vin- 
OE Vit— 
pa ViloH — 
VuioL — 


Ne DON’T CARE 
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TIMING DIAGRAMS (continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 

















tre 
tras 

BAS ViH— 

Vit— 

tasR tral fe ae 
: ae 

Vip— YYYYYAAAYVAX YS VASAAAAASAA/S Pf AA/SASAA/ASLA AAA AAAA/SVAA/ 
; vi DOGO row aDeness HARK ORR 

Vic 

; [+— "cre f= tRPC 

DQ Mi ——_— PEN 

Vit— 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: OE, Address = Don’t Care 














tre 


trp 











RAS a tras: 
t— tRPC 
tcp tcsr tRPG 
OKs Vin os ' KY XY ereeveunine: 
Vit— MX XY OXXXXAXXXAXAMD 
twrp twRH 
_ Vit KAKA CAAAAAAAAAAAAKAAAAAAARK AAI IAAI AAAS 
" vim KY RRR KK KKK KK RK XX 
torr 
ba ' a \ OPEN 


Ray DON’T CARE 
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TIMING DIAGRAMS (continued) 



































HIDDEN REFRESH CYCLE (READ) 
oe : 
a -tRAS 
RAS 
CAS 
! | ee 4 we tCAH 
tasR = t——t+- tRAH | a 
ViH— 
A { 
Vit— A 
tres 
= Vip~ VRAWVYYVYVGQ 
vn OO 
_ Vin 77 WYVYVYYYRYYN) 
- ViL— KAO XMXKOUO 
| Teas 
is trac 
DQ Vou— 
Vot— 


HIDDEN REFRESH CYCLE (WRITE) 


-tRAS 


trc 

















oo 


co 


RC 









RAS 


















CAS 
x ViH— 

Vit 

| twcs 4 be — 

— Vir— YJAAAAAAMAY? 
: si ORR) 
=" Mia= YYVY YY YY 
Fi KKK 
Ne Viq— XX¥ 

Vii-— VWAASA 

















RKO 






OQ 


RRO AOON HO SANOOONNI) 





LOMO 


SLX RK 


















VYVV/ 













~~] LWRH 






AAV WIV VYVYYAV/YYVV\/ 
ARAMARK 


MVZ\ é\ é\ 








Ha aS tOFF 


| 
toe 


zo 


- trc- com 


— 


as -tRp- 































HO) 


















{wR | 


AKIN VVVYV VY VU VY VV VY VVV VV 
Ci) 





ras 













OY 


iL 


Ddqoont CARE 
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TIMING DIAG RAMS (Continued) 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 






















































































RAS Vin-- tras — 
Vit— 
‘esr tcHR tcpT — tRSH : 
CAS gs tcas / } 
poe p= tCAH 
n— WYWVVYVVYVYVYYVYVYVY YY fe IIT OI VV 
BT ARI ASUS KIS 
ae (geal tRRH 
READ CYCLE twap| | twRH finticnsece| tRCH 
Vin— YYYV¥ STV VV VV VY OV 
my Vit— ON, KY |. eu on xX eK 
I¥— VY VY SYSVY YW VW YY YY AAS VY VV VY Y/Y VY YY VY Y 
FE RK LY CONN 
DQ os st OPEN AY VALID DATA-OUT 
WRITE CYCLE wre | | twee mal (ene a 
ft Vin— SWYKYG AAI are twcH YK VY KY KY YY YK YYW 
we ONY NK RK) BRNO 
=a. Vin— MIVYSVWYIVAWIVIVVV AAV PARAAAANAAAAAAAAAII YARRA KAARAAIN A 
Fe RIK RR I CR RK eK 
poe nr Pe 
READ-MODIFY-WRITE tawop t—— tawi = 
twrRp pe trcs es ne _| aw 
ViE= ry 5 vA: VV AV AV AV AV AT AV AY AY, 
we RY OOO tcac WORRY 
ot CKD 
DQ 





DATA-OUT 








Nae, DON'T CARE 
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PACKAGE DIMENSIONS 


Units: Inches (millimeters) 





4.250 (107.95) 

















3.984 (101.19) 
R.062 (1.57) -125 DIA + .002 (3.18 + .051) 








.133 (3.38) 


.400 (10.16) 
125 (3.17) MIN 


1.000 (25.40) a 






080 (2.03) 


.250 (6.35) 





250 (6.35) 





on 3.750 (95.25) 
KMM5402000AG DETAIL OF CONTACTS (Gold plating lead) 


010 (.25) MAX ali i i 


ai 041 + .004 (1.04 + .10) 





.350 (8.89) MAX 





.100 (2.54) MIN 


050 (1.27) .225 (5.71) MIN 


.054 (1.37) 
047 (1.19) 





KMM5402000A DETAIL OF CONTACTS (Solder plating lead) 


.010 (.25) | i i -100 (2.54) MIN 


» 


.050 (1.27) 0.36 + .004 (.914 + .10) 


Tolerances: + .005 (.13) unless otherwise specified 
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SAMSUNG SEMICONDUCTOR SALES OFFICES - U.S.A. 





Southwest 
(Memory products) 
22837 Ventura Bivd. 

Suite 305 

Woodland Hills, CA 91367 
(818) 346-6416 

FAX: (818) 346-6621 


Southwest 
(Microproducts) 


2102 Business Center Drive 


Suite 169 
irvine, CA 92715 
(714) 253-5795 


Northwest 
2700 Augustine Drive 
Suite 198 
Santa Clara, CA 95054 
(408) 727-7433 
FAX: (408) 727-5071 


FAX: (714) 252-8842 


South Central North Central North East Southeast 
15851 Dallas Parkway 901 Warrenville Road 20 Mall Road Battleground Corporate Park 
Suite 840 Suite 120 Suite 410 3859 Battleground Ave. 


Dallas, TX 75248-3307 
(214) 770-7970 
FAX: (214) 770-7971 


(708) 852-2011 


Lisle, IL 60532-1359 


FAX: (708) 852-3096 


Burlington, MA 01803 
(617) 273-4888 
FAX: (617) 273-9363 


Suite 204 

Greensboro, NC 27410 
(919) 282-0665 

FAX: (919) 282-0784 


SAMSUNG SEMICONDUCTOR REPRESENTATIVES 





ALABAMA 


COLORADO 

















SOUTHERN COMPONENT TEL: (205) 533-6500 FRONT RANGE MARKETING TEL: (303) 443-4780 
SALES FAX: (205) 533-6578 3100 Arapahoe Road FAX: (303) 447-0371 
307 Clinton Ave. East #413 Suite 404 
Huntsville, AL 35801 Boulder, CO 80303 

ARIZONA CONNECTICUT 
O'DONNELL ASSOCIATES TEL: (602) 944-9542 PHOENIX SALES TEL: (203) 496-7709 


2432 W. Peoria Ave. #1026 
Phoenix, AZ 85029 


CALIFORNIA 


|-SQUARED 

3350 Scott Blvd. 

Building 10 

Santa Clara, CA 95054 
SPINNAKER SALES 

Del Mar Corp. Center 

990 Highland Drive 

Suite 105 ; 
Solana Beach, CA 92075 
WESTAR REP COMPANY 














FAX: (602) 861-2615 


TEL: (408) 988-3400 
FAX: (408) 988-2079 


TEL: (619) 792-4800 
FAX: (619) 792-5803 


TEL: (714) 832-3325 


248 Main Street 
Torrington,CT 06790 


FLORIDA 


B/B TECH SALES 


3900 N.W. 79th Avenue #636 


Miami, FL 33166 

MEC 

700 W. Hillsboro Bivd. 
Bidg. 4, Suite 204 
Deerfield Beach, FL 33441 
MEC 

10637 Harborside Drive, N 


FAX: (203) 496-0912 


TEL: (305) 477-0341 
FAX: (305) 477-0343 


TEL: (305) 426-8944 
(305) 426-8960 
FAX: (305) 426-8799 


TEL: (813) 393-5011 
FAX: (813) 393-5202 


2472 Chambers Road 
Suite 100 
Tustin, CA 92680 


WESTAR REP COMPANY 


25202 Crenshaw Blvd. 
Suite 217 
Torrance, CA 90505 


WESTAR REP COMPANY 


26500 Agoura Rd. 

Suite 204 

Calabasas, CA 91302 
CANADA 


FAX: (714) 832-7894 


TEL: (213) 539-2156 
FAX: (213) 539-2564 


TEL: (818) 880-0594 
FAX: (818) 880-5013 


Largo, FL 34643 
GEORGIA 


SOUTH ATLANTIC COMPONENT SALES 


3300 Holcomb Bridge Road 


Suite #210 
Norcross, GA 30092 
ILLINOIS 


TEL: (404) 447-3134 
FAX: (404) 447-6714 


. DAVIX INTERNATIONAL LTD. 


1655 N. Arlington Heights Rd. 


Suite 302 East 


TEL: (708) 259-5300 
FAX: (708) 259-5428 


Arlington Heights, |L 60004 


INDIANA 


INTELATECH, INC. 
1115 Crestiawn Drive 
Suite 1 


Mississauga, Ontario L4W1A7 


INTELATECH, INC. 

3285 Cavendish Bivd. 
Suite 390 

Montreal, Quebec H4B 2L9 











TEL: (416) 629-0082 
FAX: (416) 629-1795 


TEL: (514) 369-1317 
FAX: (514) 369-1319 





%& SAMSUNG 


’ GEN Il MARKETING, INC. 
3003 E. 96th Street 
Suite 201 
Indianapolis, IN 46240 
GEN Il MARKETING, INC. 
4803 Oak Mast Trail 
Ft. Wayne, IN 46804 


TEL: (317) 848-3083 
FAX: (317) 848-1264 


TEL: (219) 436-4485 
FAX: (219) 436-4485 





449 





SAMSUNG SEMICONDUCTOR REPRESENTATIVES (Continued) 


IOWA 
ASSOCIATED ELECTRONIC MARKETERS, INC. 
4001 Shady Oak TEL: (319) 377-1129 
Marion, lA 52302 FAX: (319) 377-1539 
KANSAS 
ASSOCIATED ELECTRONIC MARKETERS, INC. 


8843 Long St. TEL: (913) 888-0022 

Lenexa, KS 66215 FAX: (913) 888-4848 
KENTUCKY 

GEN II MARKETING, INC. TEL: (502) 491-5250 


8819 Roman Court 

Louisville, KY 40291 
MASSACHUSETTS 

NEW TECH SOLUTIONS, INC. TEL: (617) 229-8888 

111 South Bedford Street FAX: (617) 229-1614 

Suite 102 

Burlington, MA 01803 
MICHIGAN 

JENSEN C.B. 

2145 Crooks Rd. 

Troy, MI 48084 
MINNESOTA 

GP SALES, INC. 

7600 Parklawn 

Suite 315 

Edina, MN 55435 
MISSOURI 

ASSOCIATED ELECTRONIC MARKETERS, INC. 

11520 St. Charles Rock Rd. TEL: (314) 298-9900 

Bridgeton, MO 63044 FAX: (314) 298-8660 
NEW JERSEY 

NEPTUNE ELEC. 

2460 Lemoine Avenue 

Ft. Lee,NJ 07024 
NEW MEXICO 

O'DONNELL ASSOCIATES 

3200 Carlisle Blvd. NE 

Suite 119 

Albuquerque, NM 87110 
NEW YORK 

NEPTUNE ELEC. 

255 Executive Dr. 

Suite 211 

Plainview, NY 11803 

T-SQUARED TEL: (315) 463-8592 

6443 Ridings Road FAX: (315) 463-0355 

Syracuse, NY 13206 

T-SQUARED TEL: (716) 924-9101 

7353 Victor-Pittsford Road FAX: (716) 924-4946 

Victor, NY 14564 


FAX: (502) 491-5250 


TEL: (313) 643-0506 
FAX: (313) 643-4735 


TEL: (612)831-2362 
FAX: (612) 831-2619 


TEL: (201) 461-2789 
FAX: (201) 461-3857 


TEL: (505) 889-4522 
FAX: (505) 889-4598 


TEL: (516) 349-1600 
FAX: (516) 349-1343 


NORTH CAROLINA 
SOUTH ATLANTIC COMPONENT SALES 
4904 Waters Edge Drive TEL: (919) 859-9970 
Suite 268 FAX: (919) 859-9974 
Raleigh, NC 27606 

OHIO 


J.N. BAILEY & ASSOCIATES TEL: (513) 687-1325 
129 W. Main Street FAX: (513) 687-2930 
New Lebanon,OH 45345 





SAMSUNG 


OHIO (Continued) 
J.N. BAILEY & ASSOC.IATES — TEL: (614) 262-7274 
2978 Findley Avenue FAX: (614) 262-0384 
Columbus,OH 43202 
J.N. BAILEY & ASSOCIATES TEL: (216) 273-3798 
1667 Devonshire Drive FAX: (216) 225-1461 
Brunswick,OH 44212 
OREGON 
ATM! TEL: (503) 643-8307 
6700 S.W. 105th Street FAX: (503) 643-4364 
Suite 303 
Beaverton, OR 97005 
PENNSYLVANIA 
CMS MARKETING 
715 Twining Road 
Dresher, PA 19025 
BAILEY, J.N. & ASSOC, 
1660 Hancock Avenue 
Apollo, PA 15613 
PUERTO RICO 
DIGIT-TECH 


TEL: (215) 885-4424 
FAX: (215) 885-3736 


TEL: (412) 568-1392 
FAX: (412) 568-1479 


P.O. Box 1945 
Calle Cruz #2 


TEL: (809) 892-4260 
FAX: (809) 892-3366 





Bajos, San German 00753 
Puerto Rico 
SOUTH CAROLINA 
SOUTH ATLANTIC COMPONENT SALES 
305 West Royal Tower Dr. TEL: (803) 732-0816 
Irmo, SC 29063 FAX: (803) 732-0816 
TENNESSEE 
SOUTH ATLANTIC COMPONENT SALES 
740 Shady Springs Lane TEL: (615) 693-6104 
Knoxville, TN 37923 FAX: (615) 693-6104 


TEXAS 
VIELOCK ASSOCIATES TEL: (214) 881-1940 
555 Republic Drive FAX: (214) 423-8556 
Suite 102 
Plano, TX 75074 
VIELOCK ASSOCIATES TEL: (512) 345-8498 


9430 Research Blvd. 
Echelon BLDG. 2, Suite 330 
Austin, TX 78759 


FAX: (512) 346-4037 


VIELOCK ASSOCIATES TEL: (713) 586-9817 
4606 FM 1960 West FAX: (713) 586-9818 
Suite 420 
Houston, TX 77069 

UTAH 
ANDERSON & ASSOC. TEL: (801) 292-8991 


270 South Main, #108 
: Bountiful, UT 84010 
WASHINGTON 


FAX: (801) 298-1503 


ATMI TEL: (206) 869-7636 
8521 154th Ave., NE FAX: (206) 869-9841 
Redmond, WA 98052 

WISCONSIN 


DAVIX INTERNATIONAL LTD. TEL: (414) 255-1600 
N91 W17194 Appleton Avenue FAX: (414) 255-1863 
Menomonee Falls, Wi 53051 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-EUROPE 





SAMSUNG 
SEMICONDUCTOR 
EUROPE GmbH 
Mergenthaler Allee 38-40 
6236 Eschborn(Germany) 
TEL : 0049-6196-90090 
FAX : 0049-6196-900989 
TLX : 4072678 


MONCHEN 
Carl-Zeiss-Ring 9 
8045 Ismaning 

Bei Manchen 

TEL : 0049-89-964838 
FAX : 0049-89-964873 





MILANO 

Viale G. Matteotti, 26 
1-20095 Cusano Milanino 
TEL : 0039-2-66400181 
FAX : 0039-2-6192279 


LONDON 

Samsung House 3 Riverbank 
Way Great West Road 
Brentford Middlesex 

TW8 SRE 

TEL : 0044-81-8629300 

FAX : 0044-81-5680528 
TLX : 25823 


PARIS 

Centre d’Affaires La 
Boursidiere RN 186, Bat. 
Bourgogne, BP 202 

92357 Le Plessis-Robinson 
TEL : 0033-1-40940700 
FAX : 0033-1-40940216 


STOCKHOLM 
Bergkaellavaegen32 
P.O. Box 319 
S-19130 Sollentuna 
TEL : 0046-8-6269626 
FAX : 0046-8-6268638 





BARCELONA 
Diagonal 605, planta5 
E-08028 Barcelona 
TEL : 0034-3-4107760 
FAX : 0034-3-4108816 


BELGIUM 

Rue de Geneveto, 

B3 B-1140 Brussels 
TEL : 0032-2-2456510 
FAX : 0032-2-2456313 











SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


EUROPE 


AUSTRIA 


SATRON HANDELSGESELLSCHAFT mbH 


Hoffmeistergasse 8-10 
A-1120 Wien 


BELGIUM 


TEL : 0043-222-8123020 
FAX : 0043-222-859593 
TLX : 047-75311851 


INELCO ELECTRONICS COMPONENTS DIVISION 


Oorlogknisenlaan 94 
B-1120 Brussels 


DENMARK 


EXATEC A/S 
Dortheavej 1-3 
DK-2400 Kopenhagen NV 


FINLAND 


FINDIP 

P.O. Box 64, Vitikka 1 
SF-02631 

Espoo 


FRANCE 


ASIA MOS 

Batiment Evolic 1 165, 
Boulevard de Valmy 
F-92705 Colombes 


SCAIB 

6, Rue le Corbusier 
Silic 424 

F-94583 Rungis, Cedex 


TEL : 0032-2-2442911 
FAX : 0032-2-2164606 
TLX : 046-25820 


TEL : 
FAX: 
TLX: 


00453-1-191022 
00453-1-193120 
27253 


TEL : 
FAX : 
TLX : 


00358-0-5284325 
00358-0-5284333 
057-124426 


TEL : 
FAX : 
TLX : 


0033-1-47601247 
0033-1-47601582 
042-613890 


TEL : 
FAX : 
TLX : 


0033-1-46868170 
0033-1 -45605549 
042-206952 


GERMANY 


ASTRONIC GmbH 
Grunwalder Weg 30 
D-8024 Deisenhofen 





TEL : 0049-89-6130303 
FAX : 0049-89-6131668 
TLX : 5216187 


CANNING ELECTRONIC DISTRIBUTION GmbH 


Laatzener Str.19 


TEL : 0049-51 1-865075 


Postfach 721226 FAX : 0049-551 -876004 

D-3000 Hannover 72 TLX : 923509 

MSC VERTRIEBS GmbH 

Industrie Str.16 TEL : 0049-7249-7580 

Postfach 1380 FAX - 0049-7249-7993 

D-7513 Stutensee 3 TLX : 465230 

MICRONETICS GmbH 

Weil Der Staedter Str.45 TEL : 0049-7159-6019 

D-7253 Renningen1 FAX : 0049-7159-5119 
TLX : 724708 


SILCOM ELECTRONICS VERTRIEBS GmbH 


Hindenburg Str.284 


D-4050 Moenchengladbach 


ITALY 


DIS. EL. SPA 
Via Orbetello 98 
1-10148 Torino 


MOXEL S.R.L. 
Via C. Frova, 34 


1-20092 Cinisello Balsamo 


TEL : 0049-2161-15074 
FAX : 0049-2161-183313 
TLX : 852189 


0039-1 1-291930 
0039-1 1-2919380 


TEL: 
FAX: 


TEL: 
FAX : 
TLX: 


0039-2-61290521 
0039-2-6172582 
043-352045 


FANTON SERVICE S.R.L 


Via O. Simoni, 5 


Il-40011 Anzola dell’ Emilia 


TEL: 
FAX : 


0039-51-735015 
0039-51-735013 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


THE NETHERLANDS 


MALCHUS BV HANDELMIJ 
Fokkerstraat 511-513 
Postbus 48 

NI-3125 BD Schiedam 


NORWAY 


EXATECALS 
Solheimveien 50 
Postbox 314 
N-1473 Skarer 


SPAIN 
SEMICONDUCTORES S.A 
C. Provenza 159 3-1 


08025 Barcelona 
Spain 


SWEDEN 


MIKO KOMPONENTS 
Segersbyvaegen 3 
P.O.Box 2001 
S-14502 Norsborg 


TEL : 
FAX : 


TEL : 
FAX : 


TEL : 
FAX : 
TLX : 


: 0031-10-4277777 
: 0031-10-4154867 
: 044-21598 


0047-2-972950 
0047-2-972953 


0034-3-4332856 
0034-3-4331944 


0046-753-89080 
0046-753-75340 
054-15023 


SWITZERLAND 


PANATEL AG 

Hard Str.72 TEL : 0041-56275500 

5430 Wettingen Schweiz FAX : 0041-56275511 
TLX : 045-868763 


UNITED KINGDOM 


BYTECH COMPONENTS LIMITED 

12a Cedarwood Chineham _ TEL : 0044-256-707107 
Business Park Crockford Lane FAX : 0044-256-707162 
Chineham Basingstroke 

Hampshire RG24 OWD 


ICE ELECTRONICS LTD. 

31-32 Stephenson Road TEL : 0044-480-496466 
Burrel Road Industrial Estate FAX : 0044-480-496621 
ST. lves Cambrige PE17 4WJ TLX : 329244 


ITT MULTICOMPONENTS LTD. 


346 Edinburgh Avenue TEL : 0044-753-824212 

Slough Berkshire SL1 4TU FAX | 0044-753-824160 
TLX : 849808 

NELTRONIC LIMITED 

John F. Kennedy Road TEL : 00353-1-503560 

Naas Road Dublin 12 FAX : 00353-1-552789 

Ireland TLX : 93556 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


ASIA 


HONG KONG 


AV, CONCEPT LTD. 

ROOM 802-804, Tower A, 8/FI., TEL: 3629325 
Hunghom Commercial Centre, FAX: 7643108 

37-39 MA Tau Wai Road, TLX: 52362 ADVCC HX 
Hunghom, Kowloon, 

Hong Kong 


PROTECH COMPONENTS LTD. 

Unit 2, 3/F, Wah Shing Centre, TEL: 7930882 
11 Shing Yip Street, FAX: 7930811 
Kwun Tong, Kowloon, Hong Kong 


WISEWORLD TECHNOLOGY CO. 

Room 708, Tower A, 7/FI., TEL: 7658923 
Hunghom Commercial Centre, FAX: 3636203 
37-39 Ma Tau Wai Road, Hunghom, 

Kowloon, Hong Kong 


RIGHT SYSTEM CO., LTD. 
Room A19, 6/FI., 

Proficient Ind. Centre, 

Block A, 6 Wang Kwun Road, 
Kowloon Bay, Kowloon, 

Hong Kong 


SOLARI COMPUTER ENGINEERING LTD. 

(4 BIT/8 BIT ONE CHIP SOFTWARE HOUSE) 
Unit 703-4, 7/Fl., Jordan House, TEL: 7213318 . 
6-8 Jordan Road, Kowloon, FAX: 7235288 

Hong Kong 


CENTRAL SYSTEMS DESIGN LTD. 

(ASIC DESIGN HOUSE) 

Room 1704, Westlands Centre, TEL: 5620248 

20 Westlands Road, FAX: 5658046 
Quarry Bay, Hong Kong TLX: 73990 CSD HX 


DATAWORLD INTERNATIONAL LTD. 
(MIYUKI ELECTRONICS (HK) LTD.) 
(ASIC DESIGN HOUSE) 
Flat No. 3-4, 5/FI., 

Yuen Shing ind. Bidg., 

1033, Yee Kuk Street, West, 
Kowloon, Hong Kong 


TEL: 7566331 
FAX: 7998985 
TLX: 52896 OSPCL HX 


TEL: 7862611 
FAX: 7856213 
TLX: 45876 MYK HX 


TAIWAN 


YOSUN INDUSTRIAL CORP. 
7F, No. 76, Chern Kong Rad., 

Sec. 1, Nan Kang, Taipei, 

Taiwan R.O.C. 


KINREX CORP. 
2nd. Fi., 514-3, Tun Hwa S. 
Rd., Taipei, Taiwan, R.O.C. 


TEL: (02) 788-1991 (Rep.) 
FAX: (02) 782-6120 


TEL: 02-700-4686—9 
FAX: 02-704-2482 
TLX: 20402 KINREX 


SANT SONG CORP. 
Room A, 8F No. 180, Sec-4, 
Chung Hsiao E. Rd., Taipei, 
Taiwan, R.O.C. 


TEL: (02) 775-2506 
FAX: (02) 771-8413 


JAPAN 


TOMEN ELECTRONICS CORP 
1-1 Uchisaiwa-Cho 2 Chome TEL: (03) 3506-3654 
Chiyoda-Ku Tokyo, 100 Japan FAX: (03) 3506-3497 


RIKEI 

Nichimen Bldg., TEL: (06) 201-2081 
2-2 Nakanojima 2 Chome Kita-Ku FAX: (06) 222-1185 
Osaka, 530 Japan 


DIA SEMICON SYSTEMS INCORPORATED 
Flowerhill-Shinmachi 1-23-9 TEL: (03) 3439-1600 
Shinmachi Setagaya-Ku Tokyo FAX: (03) 3439-1601 
154 Japan 


ADO 

7F Sasage Bldg., 

4-6 Sotokanda 2 Chome 
Chiyoda-Ku Tokyo, 101 Japan 


TEL: (03) 3257-2600 
FAX: (03) 3251-9705 


MARUBUN 
8-1 Nihombashi-Odenma-Cho 
Chuo-Ku Tokyo, 103 Japan 


TEL: (03) 3639-9897 
FAX: (03) 3661-7433 


SAMSUNG JAPAN 

No.3108 Kasumigaseki Blidg., TEL: (03) 3581-7565 
3-2-5 Kasumigaseki Tokyo, 100 FAX: (03) 3507-0923 
Japan 





SINGAPORE 


GEMINI ELECTRONICS PTE LTD. 

315, Outram Road + 12-08, TEL: 65-2263066 
Tan Boon Llat Building, FAX: 65-2262781 
Singapore 0315 TLX: RS-42819 


BOSTEX ELECTRONICS PTE LTD. 

#05-14 Bylands Bidg., TEL: 65-3395713 
135 Middle Road, FAX: 65-3389538 
Singapore 0718 


ASTINA ELECTRONICS (M) SDN BHD 

23, Jalan Pantai Jerjak Satu TEL: 04-876697 
11900 Bayan Lepas Penang, FAX: 04-876780 
West Malaysia 


ASTINA ELECTRONICS (S) PTE LTD. 

315, Outram Road, TEL: 65-2232221 
#11-02 Tan Boon Liat Bldg., FAX: 65-2213776 
Singapore 0315 


INDIA 


COMPONENTS AND SYSTEMS MARKETING 
ASSOCIATES (INDIA) PVT. LTD. 

100, Dadasaheb Phalke Road, TEL: 4114585 

Dadar, Bombay 400 FAX: 4112546 

014 TLX: 001-4605 PDT IN 


TURKEY 


ELEKTRO SAN. VE TIC. KOLL. STI. 
Hasanpasa, Ahmet Rasim Sok TEL: 337-2245 
No. 16 Kadikoy Istanbut, FAX: 336-8814 
Turkey TLX: 29569 elts tr 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


THAILAND 


VUTIPONG TRADING LTD., PART. 
51-53 Pahurat Rd. (Banmoh) 
Bangkok 10200 THAILAND 223-4608 


FAX: 224-0861 


TLX: 87470 Vutipong TH 


KOREA 


NAEWAE SEMICONDUCTOR CO., LTD. 

Room 503, 22-dong, Sunin TEL: 717-4065—7 

Bidg., 16-1, Hankangro-2ka, 702-4407 —9 

Yongsan-ku, Seoul, Korea FAX: 702-3924 

Cable: ELECONAEWAE 
SEOUL 

C.P.O. Box 1409 


SAMSUNG LIGHT-ELECTRONICS CO., LTD. 


4th Fl. Room 2-3, TEL: 718-0045 
Electronics Main Bldg., 16-9, 718-9531 —5 
Hankangro-3ka, Yongsan-ku, FAX: 718-9536 


Seoul, Korea 


NEW CASTLE SEMICONDUCTOR CO., LTD. 


4th Fl. Room 10-11, 
Electronics Main Bldg., 16-9, 
Hankangro-3ka, Yongsan-ku, 
Seoul, Korea 


TEL: 718-8531 —4 
FAX: 718-8535 


TEL: 221-9699-3641 


TLX: NELCO K27419 


HANKOOK SEMICONDUCTOR & 
TELECOMMUNICATIONS CO., LTD. 

402 Suite, Sowon Bidg., TEL: 338-2015—8 
354-22, Seokyo-dong, FAX: 338-2983 
Mapo-ku, Seoul, Korea 


SEG YUNG INTERISE CORP. 

21-301, Sunin Bidg., 16-1, TEL: 701-6811—6 
Hankangro-2ka, Yongsan-ku, 701-6781—4 
Seoul, Korea FAX: 701-6785 


SEGYUNG ELECTRONICS 
182-2, Jangsa-dong, 
Jongro-ku, Seoul, Korea 


TEL: 273-6781—3 

FAX: (02) 273-6597 

TLX: K24950 
SUKSEMT 


SAMTEK 

Room 704, Euylim Bidg., 
16-96, Hankangro-3ka, 
Yongsan-ku, Seoul, Korea 


TEL: 703-9656 —8 
FAX: 703-9659 


SUNIN INDUSTRIES CO., LTD. 

Sunin Blidg., 7Fl., 16-1, TEL; 718-7113-—6 
Hankangro-2ka, Yongsan-ku, 702-1257-9 
Seoul, Korea FAX: 715-1031 
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS 


ALABAMA 


HAMMOND 
4411-B Evangel Circle, N.W. 
Huntsville, AL 35816 


ARIZONA 


ADDED VALUE 

7741 East Gray Road 
Suite #9 

Scottsdale, AZ 85260 


CALIFORNIA 


ADDED VALUE 

3320 East Mineral King 
Unit D 

Visalia, CA 93291 
ADDED VALUE 

1582 Parkway Loop 
Unit G 

Tustin, CA 92680 
ADDED VALUE 

6397 Nancy Ridge Road 
San Diego, CA 92121 
ALL AMERICAN 

369 Van Ness Way #701 
Torrance, CA 90501 
ALL AMERICAN 

2360 Qume Drive, Suite C 
San Jose, CA 95131 
ALL AMERICAN 

5625 Ruffin Road 

#3212 

San Diego, CA 92123 
1.E.c. 

9940 Business Park Drive, #145 
Sacramento, CA 95827 
ITT Components 
§.Jenner Street 

‘Irvine, CA 92718 

ITT Components 

1580 Oakland Road 
Suite #C 102 

San Jose, CA 95131 
JACO 

1541 Parkway Loop 
Suite A 

Tustin, CA 92680 

JACO 

2282 Townsgate Road 
Suite 100 

Westlake Village, CA 91361 
JACO 

2880 ZANKER ROAD 
SUITE 202 

SAN JOSE, CA 95134 


CANADA 


ACTIVE 

237 Hymus Boulevard 

Point Claire, Quebec H9R 5C7 
ACTIVE 

100 S.E. Marine Drive 
Vancouver, BC Y5X 2S3 
ACTIVE 

100 Lombard Street 

Toronto, Ontario M5C 1M3 


¢§ SAMSUNG 


(205) 830-4764 
FAX:(205) 830-4287 


(602) 951-9788 
FAX: (602) 952-4182 


(209) 734-8861 
FAX: (209) 734-8865 


(714) 259-8258 
FAX: (714) 259-0828 


(619) 558-8890 
FAX: (619) 558-3018 


(800) 669-8300 
FAX: (213) 320-7207 


(408) 943-1200 
FAX: (408) 943-1393 


(800) 831-8300 
FAX: (619) 268-3836 
(916) 363-6030 
FAX: (916) 362-6926 


(714) 727-4001 
FAX: (714) 727-2109 


(408) 453-1404 
FAX: (408) 453-1407 


(714) 258-9003 
FAX: (714) 258-1909 


(805) 495-9998 
FAX: (805) 494-3864 


(408) 432-9290 
FAX: (408) 432-9298 


(514) 694-7710 
(514) 697-8112 


(604) 324-7500 
FAX: (604) 324-3100 


(416) 367-2911 
FAX: (416) 367-4706 





ACTIVE 

5651 Ferrier Street 

Montreal, Quebec H4AP 1N1 
ACTIVE 

3220 5th Avenue, N.E. Bay 2 
Calgary, Alberta T2A 5N1 
ACTIVE 

106 King Edward St., E 
Winnepeg, Manitoba R3H ON8 
ACTIVE 

1350 Matheson Blvd, Unit 2 
Mississauga, Ontario L4W 4MI 
ACTIVE 

6029 103rd St. 

Edmonton, Alberta T6H 2H3 
ACTIVE 

1990 Blvd. Charest O. 
Ste-Foy, Quebec G1N 4K8 
ACTIVE 

1023 Merivale Road 

Ottawa, Ontario K1Z 6A6 
ACTIVE 

6080 Metropolitan 

Montreal, Quebec H1S 1A9 


- G.B. MICRO ELECTRONICS 


9770 Henri Bourassa W. 


Ville St. Laurent, Quebec H4S 1R5 


G.B. MICRO ELECTRONICS 
Box 207 RR2 

Nepean, Ontario K2C 3H1 
G.B. MICRO ELECTRONICS 
2777 Thamesgate Dr. 
Mississauga, Ontario L4T 1G5 


COLORADO 


ADDED VALUE 

4090 Youngfield 

Wheat Ridge, CO 80033 
L.E.C, 

420 East 58th Avenue 
Denver, CO 80216 
1.E.C. 

5750 North Logan Street 
Denver, CO 80216 


CONNECTICUT 


GREENE-SHAW 
65 So. Turnpike Rd. 
Wallingford, CT 06492 


FLORIDA 


ALL AMERICAN 

16251 N.W. 54th Avenue 
Miami, FL 33014 

ALL AMERICAN 

5009 Hiatus Road 
Sunrise, FL 33351 
GREENE-SHAW 

270 East Drive 
Melbourne, FL 32904 
HAMMOND 

6600 N.W. 21st. Avenue 
Fort Lauderdale, FL 33309 
HAMMOND 

1230 W. Central Bivd 
Orlando, FL 32802 





(514) 731-7441 
FAX: (514) 731-0129 


(403) 235-5300 
FAX: (403) 248-0750 


(204) 786-3075 
FAX: (204) 783-8133 


(416) 238-8825 
FAX: (416) 238-2817 


(403) 438-5888 
FAX: (403) 434-0812 


(418) 682-5775 
FAX: (418)682-8303 


(613) 728-7900 
FAX: (613) 728-3586 


(514) 256-7538 
FAX: (514) 256-4890 


(514) 333-7373 
FAX: (514) 334-7707 


(613) 825-6380 
FAX: (613) 825-0569 


(416) 241-7000 
FAX: (416) 241-4853 
(303) 422-1701 
FAX: (303) 422-2529 


(303) 292-5537 
FAX: (303) 292-0114 


(303) 292-6121 
FAX: (303) 297-2053 


(203) 265-3333 
FAX: (203) 265-3583 


(305) 621-8282 
FAX: (305) 620-7831 


(800) 327-6237 
FAX: (305) 749-9229 


(407) 951-3636 
(407) 973-7103 
FAX: (407) 973-6010 


(407) 849-6060 
FAX: (407) 648-8584 
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FLORIDA (Continued) 

JACO 

1060 Hollaed Drive 

Boca Raton, FL 33487 
GEORGIA 

HAMMOND 

5680 Oakbrook Parkway 

Suite 160 

Norcross, GA 30093 

JACO 

6035 Atlantic Blvd. 

Suite J 

Norcross, GA 30071 
ILLINOIS 

QPS 

101 Commerce Dr. #A 

Schaumburg, IL 60173 

1.E.C. 

2200 N. Stronington Ave., #210 

Hoffman Estates, iL 60195 
MARYLAND 

ALL AMERICAN 

14636 Rothgeb Dr. 

Rockville, MD 20850 

JACO 

Rivers Center 

10270 Old Columbia Road 

Columbia, MD 21046 
MASSACHUSETS' 

ALL AMERICAN 

107 Audubon Road 

Wakefield, MA 01880 

GREENE-SHAW 

70 Bridge Street 

Newton, MA 02195 

JACO 

1053 East Street. 

Tewksbury, MA 01876 
MINNESOTA 

ALL AMERICAN 

11409 Valley View Road 

Eden Prairie, MN 55344 
NEW YORK 

ALL AMERICAN 

71102 Koehier Ave. 

Ronkonkoma, NY 11779 

ALL AMERICAN 

161 S. MACQUESTEN PKWY 

MOUNT VERNON, NY 10550 

CAM/RPC 


2975 Brighton Henrietta TL Road 


Rochester, NY 14623 

JACO 

145 Oser Avenue 

Hauppauge, NY 11788 
NORTH CAROLINA 

JACO 

3029-105 Stonybrook Drive 

Raleigh, NC 27604 


§ SAMSUNG 


SAMSUNG SEMICONDUCTOR DISTRIBUTORS (Continued) 


(407) 241-7943 
FAX: (407) 241-7950 


(404) 449-1996 
FAX: (404) 242-9834 


(404) 449-9508 
FAX: (404) 449-0275 


(708) 884-6620 
FAX: (708) 884-7573 


(708) 843-2040 
FAX: (708) 843-2320 
(301) 251-1205 
FAX: (301) 251-8574 


(301) 995-6620 
FAX: (301) 995-6032 


(617) 246-2300 
FAX: (617) 246-2305 


(617) 969-8900 
FAX: (617) 969-4712 


(508) 640-0010 
FAX: (508) 640-0755 


(612) 944-2151 


(516) 981-3935 
FAX: (516) 981-3947 


(914) 699-2224 
FAX: (914) 699-1316 


(716) 427-9999 
FAX: (716) 427-7559 


(616)-273-5500 
FAX: (516) 273-5528 


(919) 876-7767 





HAMMOND 
2923 Pacific Avenue 
Greensboro, NC 27420 
GREENE-SHAW 
6200 Falls of the Neuse Road 
Suite 200 
Raleigh, NC 27609 
OHIO 
CAM/RPC 
749 Miner Road 
Cleveland, OH 44143 
CAM/RPC 
733 H. Lakeview Piaza Rd. 
Worthington, OH 43085 
CAM/RPC 
7956 Strawberry Hill Lane 
Meineville, OH 45039 
OREGON 
1.E.C. 
6850 S.W. 105th Ave., Ste. B 
Beaverton, Oregon 97005 
PENNSYLVANIA 
CAM/RPC 
620 Alpha Drive 
Pittsburgh, PA 15238 
SOUTH CAROLINA 
HAMMOND 
1035 Lowndes Hill Rd 
Greenville, SC 29607 
HAMMOND 
2923 PACIFIC AVENUE 
TEXAS 
ALL AMERICAN 
1819 Firman Drive, #127 
Richardson, TX 75081 
JACO 
1005 Industrial Blvd. 
Sugar Land, TX 77478 
JACO 
2120-M Braker Lane 
Austin, TX 78758 
UTAH 
ADDED VALUE 
1836 Parkway Blvd. 
West Valley City, UT 84119 
1.E.C. 
2117 South 3600 West 
W. Valley City, UT 84119 
WASHINGTON 
JACO 
15014 N.E. 40th Street 
Bldg. “O", Unit 202 
Redmond, WA 98052 
I.E.C. 
1750 124th Avenue, N.E. 
Bellevue, WA 98005 





(919) 275-6391 


FAX: (919) 275-6391 x225 


(919) 954-7138 
FAX: (919) 954-7139 


(216) 461-4700 
FAX: (216) 461-4329 


(614) 888-7777 
FAX: (614) 888-9779 


(513) 898-1111 
FAX: (513) 433-6792 


(503) 641-4690 
FAX: (503) 646-3737 


(412) 782-3770 
FAX: (412) 963-6210 


(803) 233-4121 


FAX: (803) 233-4121x207 


(919) 275-6391 


FAX: (919) 275-6391X225 


(214) 231-5300 
FAX: (214) 437-0353 


(713) 240-2255 


(512) 835-0220 


(801) 975-9500 
FAX: (801) 977-0245 


(801) 977-9750 
FAX: (802) 975-1207 


(206) 881-9700 
FAX: (206) 881-9777 


(206) 455-2727 
FAX: (206) 453-2963 
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SANSUNG 


Electronics 
Semiconductor Business 


HEAD OFFICE: 

8/10FL., SAMSUNG MAIN BLDG. 
250, 2-KA, TAEPYUNG-RO, 
CHUNG-KU, SEOUL, KOREA 
C.P.0. BOX 8780 


BUCHEON PLANT: 

82-3, DODANG-DONG, 
BUCHEON, KYUNGKI-DO, KOREA 
C.P.0. BOX 5779 SEOUL 100 


KIHEUNG PLANT: 

SAN #24 NONGSUH-RI, KIHEUNG-MYUN 
YONGIN-GUN, KYUNGKI-DO, KOREA 
C.P.0. BOX 37 SUWON 


GUMI BRANCH: 
259, GONDAN-DONG, GUMI, 
KYUNGSANGBUK-DO, KOREA 


SAMSUNG SEMICONDUCTOR INC. : 
3725 NORTH FIRST STREET 
SANJOSE, CA 95134-1708, USA 


HONG KONG BRANCH: 
24FL., ADMIRALTY CENTER, 
TOWR 1, 18 HARCOURT ROAD, 
QUEENSWAY, HONG KONG 


TAIWAN OFFICE: 


RM. 2401, 24F, INT’L TRADE BLDG., 333, 


KEE LUNG RD., SEC. 1, TAIPEI, 
TAIWAN, R.O.C. 


TELEX: KORSST K27970 
TEL: (SEOUL) 727-7114 
FAX: 753-0957 


TELEX: KORSEM K28390 
TEL: (SEOUL) 741-0066, 664-0066 
FAX: 741-4273 


TELEX: KORSST K23813 
TEL: (SEOUL) 760-7114 
FAX: 741-0628 


TELEX: SSTGUMI K54371 
TEL: (GUMI) 460-2169, 463-2570 
FAX: (GUMI) 461-9258 


TEL: (408) 954-7000 
FAX: (408) 954-7873 


TELEX: 80303 SSTC HX 
TEL: 862-6900 
FAX: 866-1343 


TEL: (2) 757-7292 
FAX: (2) 757-7311 


SAMSUNG ELECTRONICS JAPAN CO., LTD. 


8F SUDACHO VERDE BLDG., 
2-3 KANDA-SUDACHO CHIYODA-KU 
TOKYO, 101 JAPAN 


TELEX: 2225206 SECJPN J 
TEL: (03) 3258-9501 
FAX: (03) 3258-9695 


SAMSUNG SEMICONDUCTOR EUROPE GMBH: 


MERGENTHALER ALLEE 38-40, 
D-6236 ESCHBORN, W/GERMANY 


SAMSUNG ELECTRONICS SINGAPORE PTE LTD.: 


10F., COLLYER QUAY #18-05/06 
OCEAN BUILDING SINGAPORE 0104 


TELEX: 4072678 SSED 
TEL: 0-6196-900920 
FAX: 0-6196-900989 


TEL: 535-2808 
FAX: 532-6452 


PRINTED IN KOREA 
DECEMBER, 1991 
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c SAMSUNG 


* Electronics 

Semiconductor Business 

HEAD OFFICE: 

8/10FL., SAMSUNG MAIN BLDG. TELEX: KORSST K27970 
250, 2-KA, TAEPYUNG-RO, TEL: (SEOUL) 727-7114 
CHUNG-KU, SEOUL, KOREA FAX: 753-0957 


C.P.O. BOX 8780 


